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INTRODUCTION 

As  she  struggled  against  ill-health  to  complete  her  fourth  and  final  book,  Rachel 
Carson  pondered  the  best  course  of  treatment  for  her  cancer:  chemicals  or 
radiation/  Described  as  one  of  the  most  important  contributions  to  Western 
literature  and  as  one  of  the 'books  that  changed  America',^  S;7ent  Spring  (1962)  is 
also  considered  the  'effective  beginning'  of  'toxic  discourse'.^  Radiation  and 
chemicals  linger  in  the  text  of  Silmt  Spring.  Drawing  the  reader's  attention  to 
these  twin  toxic  hazards,  Carson  effectively  fused  the  pre-existent  pollution 
concerns  of  urban  and  industrial  reformers  to  the  ecological  sensitivities  of 
resource  conservation  and  wilderness  preservation.  Her  forceful  vision  helped  to 
establish  themodern  environmental  movement.^'Forty  years  after  the  publication 
of  S;7ent  Spring,  the  WellcomeTrust  Centre's  Witness  Seminar  convened  to  assess 
the  legacy  of  this  book  in  relation  to  environmental  toxicology 

Asa  belief  that  disease  or  illness  might  be  determined  by  physical  surroundings, 
'environ  mental  ism'  had  roots  in  antiquity  But  the  second  half  of  the  seventeenth 
century  witnessed  a  revival  of  H  ippocratic  teaching  that  connected  disease  to  airs, 
waters  and  places.  Beginning  in  the  late  eighteenth  century  a  contingent  of 
Edinburgh-trained  medical  practitioners  drew  upon  thisre^/ivai  to  locate  medical 
problems  in  a  wider  social  context.  They  linked  disease  to  overcrowding,  and  to 
alackof  cleanliness  and  ventilation.  By  the  1830s,  this  activist,  'environmentalist' 
medicine  had  become  subsumed  within  Chadwickian  social  reform  (page  49).^ 

By  the  twentieth  century  however,  changes  in  theories  of  disease  causation  and 
in  the  organization  of  medicine  effected  a  reassessment  of  the  relationship 
between  physical  environment  and  human  health  and  disease.  The  twentieth 


^  Lear  L.  (1997)  Rachel  Carson:  Witnes  for  nature.  London:  Penguin  Books,  378-9. 

^  LuttsR  H.  (1985)  Chemical  Fallout:  Rachel  Carson's S/'/ent  Spring  [Carson  R.  (1962)],  radioactive 
fallout  and  the  environmental  movement.  Environmental  Re/iem  9:  211-25,  211. 

^  Buell  L.  (2001)  Writing  for  an  Endangered  World:  Literature  culture  and  environment  in  theilS  and 
be/ond.  Cambridge  (USA)  and  London:  The  Belknap  Press,  35. 

"SeeWalkerM  J.  (1999)The  unquiet  voice  of  S;7er)tSpringcThelegacy  of  Rachel  Carson.  T  he  Eco/og/st 
29:  322-5. 

^  See  Flinn  M  W.  (1965)  Introduction  to  Edwin  Chadwick  The  Sanitary  Condition  of  the  Labouring 
Population  of  Great  Britain.  Edinburgh:  Edinburgh  University  Press,  1-73;  Riley  J  C.  (1987)  The 
Eighteenth-century  Campaign  to  Avoid  D/sease.  Basingstoke:  Macmillan;  Hamlin  C.  (1998)  Public 
H  ealth  and  Sodal  juiicein  the  Age  of  Chadwick,  1800-1854.  Cambridge:  Cambridge  University  Press. 


century  ushered  in  an  'epidemiological  transition'  from  a  pre-industrial 
demographic  regime,  dominated  by  epidemic  infectious  diseases,  to  modern 
patterns  of  death  from  chronicdegenerativediseases.  At  the  same  time,  the  rise  of 
scientific  medicinegenerated  an  elevated  awareness  of  disease  and  illness.^  Written 
under  the  pseudonym  Lewis  H  erber,  Murray  Bookchin's  Our  5ynthd:ic 
Environment  placed  thisepidemiological  transition  in  the  post- Second  World  War 
context.  Published  in  thesameyear  ds  Si  lent  Spring,  Bool<chin's  bool<  argued  that 
concerns  for  infectious  diseases  had  been  replaced  by  environmentally  related 
public  health  problems,  such  as  heart  disease  and  cancer  (pages  19  and  25).^ 

As  Carson  pointed  out,  the  synthetic  insecticide  industry  was  'a  child  of  the 
Second  World  War'.^  Although  the  insecticidal  properties  of  DDT  were 
discovered  by  Paul  M  uller  just  prior  to  the  outbreal<  of  hostilities  in  1939,  the 
Second  World  War  provided  this  new  chlorinated  hydrocarbon  insecticide  with 
the  perfect  stage  on  which  to  showcase  its  properties  (page  4).  Wartime  concerns 
for  agricultural  production  and  for  the  threat  of  insect  vectors  of  disease  helped 
to  accelerate  the  dispersal  and  acceptance  of  DDT.  Faced  with  a  post-war 
industrial  cache  of  the  insecticide,  the  US  government  released  DDT  for  civilian 
use  in  August  1945,  before  thecompletion  of  definitive  tests  for  chronic  toxicity 
Within  less  than  a  decade,  the  total  USA  production  of  DDT  rose  from 
approximately  10  million  pounds  to  over  100  million  pounds  in  1951.  By  the 
time  that  Carson  drew  attention  to  the  pervasive  presence  of  this  insecticide,  US 
production  had  peal<ed  at  188  million  pounds.  And  its  success  spawned  the 
introduction  of  25  new  pesticides.' 

The  l<nowledge  and  application  of  insecticides  were  not  new;  they  had  an 
ancient  ancestry  Most  often  meant  for  small-scale  household  and  garden 
applications,  a  variety  of  organic  materials  had  been  employed.  T  heuseof  animal 
and  vegetable  oils  and  tars  stretched  bacl<  to  antiquity  From  the  I  ate  seventeenth 
century  tobacco,  hellebore,  quassia,  derris,  pyrethrum,  soap,  and  lime  all  became 


^  Weindling  P.  (1992)  From  infectious  to  clironic  diseases:  Clianging  patterns  of  sickness  in  tlie 
nineteentli  and  twentieth  centuries,  in  Wear  A.  (ed.)  Medidnein  Socieiy.  Hiiorial  essays.  Cambridge: 
Cambridge  University  Press,  303-16. 

'  SeeG  ottlieb  R.  (1993)  FordngtheSpring:  Thetran^ormation  of  the  American  environmental  movement. 
Washington:  Island  Press,  87. 

°  Carson  R.  (1962;  rept.  1987)  Silent  Spring  Boston:  Houghton  M  ifflin,  16. 

'SeePerkinsJ  H.  (1978)  Reshapingtechnology  in  wartime:  The  effect  of  military  goals  on  entomological 
research  and  insect-control  practices  Tedmology  and  Culture  19: 169-86;  Lear  L.  (1997):  119. 


recognized  pest  control  substances.  Butthelatenineteenth  century  witnessed  the 
first  mass  application  of  inorganic  toxic  insecticides  (pages  3-4).  The  ravages  of 
the  Colorado  beetle,  the  gypsy  moth,  and  the  cotton  boll  weevil  evoked  the 
introduction  of  the  best- known  arsenical  insecticides-  Paris  green,  lead  arsenate 
and  calcium  arsenate.  Although  perfectly  aware  of  the  poisonous  attributes  of 
these  insecticides,  medical  opinion  most  often  focused  on  acute  toxicity  and 
neglected  chronic  toxicity^"  In  the  wake  of  the  epidemiological  transition, 
Carson  reversed  this  focus  But  it  was  not  simply  the  shift  from  acute  infectious 
to  chronic  degenerative  diseases  that  provided  Silmt  Spring  with  fertile  ground 
for  its  warnings  of  the 'pollution  of  the  total  environment  of  mankind'." 

Highly  visible  fatal  pollution  events  had  certainly  highlighted  the  urban 
industrial  threat  to  public  health  prior  to  the  publication  of  Silmt  Spring.  Killer 
smogs  in  the  Meuse  valley,  Belgium  (1930),  Donora,  Pennsylvania  (1948),  and 
London  (1952)  (pages  38  and  52)  demonstrated  the  lethal  cost  of  the  twentieth 
century's  unprecedented  consumption  of  fossil  fuels"  But  Carson  alerted  the 
public  to  an  invisible  pollutant  that  could  travel  great  distances,  accumulate  in 
body  fats,  and  cause  cancer,  birth  defects  and  mutations.  S;7entSpr/ng  wasa  child 
of  the  Cold  War.  Explicitly  pairing  chemical  insecticides  with  radiation,  Carson 
wrote  in  the  shadow  of  the  apocalyptic  mushroom  clouds  over  H  iroshima  and 
Nagasaki. ^^  Moreover,  by  noting  the  close  relationship  between  insecticides  and 
chemical  warfare,  she  cast  these  substances  in  the  nefarious  role  of  weapons  of 
war  and  mass  destruction  (pages  4  and  33)." 

S;7entSpnng opened  with  'a  fablefor  tomorrow'.  It  described  a  community  bereft 
of  the  beauty  of  wildf lowers;  in  which  fruit  trees  were  barren,  birds  silenced,  and 
'everywhere  was  a  shadow  of  death,..  No  witchcraft,  no  enemy  action  had 
silenced  the  rebirth  of  new  life  in  this  stricken  world.  The  people  had  done  it 


SeeWhorton  J.  (1974);  Clark  J  F  M  .  (2001)  Bugs  in  the  system:  Insects,  agricultural  science,  and 
professional  aspirations  in  Britain,  1890-1920. /Agricu/tura/H /story  75:  83-114. 
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Carson  R.  (1962;  rept.  1987):  39. 


See  Brimblecombe  P.  (1987).  For  an  excellent  account  of  the  historically  unprecedented  scale  and 
paceof  anthropogenic  environmental  change  in  the  twentieth  century  seeM  cNeillJ.  [2000)  Something 
Nov  Under  theSun:  An  environmental  hiiory of  thetwentieih-century  world.  London:  Allen  Lane 

" This  is  essentially  the  point  made  by  LuttsR  H.  (1985). 

"Carson  R.  (1962;  rept.  1987):  16.  In  addition,  seeRussell  E.  (2001);  WeindlingPJ.  (2000)  Epidemics 
and  Genocide  in  Eaiern  Europe  1890-1945.  Oxford:  Oxford  University  Press,  for  the  relationships 
between  insecticides  and  chemical  and  biological  warfare 


themselves'."  Although  genetic  and  other  ecological  'mega- hazards'  have  been 
added  to  nuclear  and  chemical  threats,  the  fable  for  tomorrow  retains  its 
resonance  as  a  powerful  allegory  of  the  'Risk  Society'.  Post-industrial  society 
struggles  collectively  to  come  to  terms  with  the  indeterminate  risl<s  to  human 
survival  that  have  been  forged  on  the  glowing  embers  of  a  faith  in  progress. 
Unlike  the  famines,  epidemics  and  natural  catastrophes  that  haunted  pre- 
industrial  society,  these  new  hazards  have  been  generated  by  human  decisions. 
Paradoxically,  much  of  the  collective  anxiety  stems  from  an  inability  to  determine 
with  any  precision  theextentof  thethreat(pagesll-12,  20, 23)."  Environmental 
epidemiology  for  instance,  can  rarely  identify  exposure  to  a  specific  chemical  at  a 
particular  time  as  the  cause  of  a  single  person's  disease  (pages  47-8,  66-70). 
M  oreover,  arguments  rage  over  who  should  determinethe  nature  of  a  risk.  As  the 
authors  of  many  of  the  hazards,  technocrats  may  not  be  the  most  suitable  choices. 
In  an  effort  to  establish  aguidefor  potentially  harmful  human  activities,  a  group 
of  individuals  met  at  Wingspread  in  Racine,  Wisconsin,  in  January  1998.  They 
agreed  that  where  large  numbers  of  humans  were  faced  with  potentially 
irreversible  harm,  it  was  best  to  err  on  the  side  of  caution:  they  produced  a 
statement  on  the 'precautionary  principle'"  (pages  16,  20,  24,  72). 

Perhaps  shaped  by  the  limitations  imposed  by  her  gender,  Rachel  Carson  forged 
a  career  in  science  that  placed  her  in  an  ideal  position  to  offer  a  timely  critique 
of  the  technocratic  society  From  a  very  early  age,  she  honed  her  talents  as  both 
a  naturalist  and  a  writer.  While  pursuing  her  undergraduate  degree  at  the 
Pennsylvania  College  for  Women,  she  vacillated  between  English  and  science 
before  finally  opting  for  a  major  in  the  latter.  And  after  graduating  from  Johns 
H  opkins  U  niversity  with  a  M  aster's  degree  in  zoology  she  enjoyed  a  successful 
career  as  a  writer  and  editor  for  the  Bureau  of  U  S  Fisheries  (which  later  became 
theUS  Fish  and  Wildlife  Service).  After  almost  16  years  at  this  job,  and  after  the 
publication  of  three  popular  books  on  marine  biology,  Carson  had  the  scientific 
knowledge  and  a  vast  network  of  expert  friends,  colleagues  and  acquaintances 
upon  which  she  could  draw  for  the  production  of  her  final,  and  most 
controversial,  book." 


'' Carson  R.  (1962;  rept.  1987):  1-3. 

^''  Beck  U.  (1992)  From  industrial  society  to  the  risk  society:  Questions  for  survival,  social  structure 
and  ecological  enlightenment.  Theory,  Culture  &  Sodety9:  97-123. 

"  M  ontague  P.  (1998).  The  precautionary  principle.  Rachel's  Environment  &  Health  Weekly,  no.  586, 
February  19.  5eewww.psrast.org/precaut.htm  (site  accessed  13  April  2004). 

^'  See  Lear  L.  (1997)  for  an  excellent  biographical  account. 


As  a  warning  of  the  hazards  of  industrial  pollutants,  Silent  Spring  was  born  of 
important  changes  to  the  countryside  Post-war  reconstruction  entailed  an 
intensification  of  agricultural  production  that  accelerated  in  the  years  following 
1960  (page  6).  Farming  metamorphosed  into  'agribusiness"  as  holdings 
increased;  specialization  and  mechanization  flourished  as  the  mixed  farm  went 
into  sharp  decline  Cheap  nitrogenous  fertilizers  were  applied  to  enhance  soil 
fertility  (page  21)  and  a  'huge  expansion'  in  the  application  of  synthetic 
chemicals  ensued.  Carson,  however,  remained  unconvinced  that  pesticides 
underpinned  the  farm  production  required  to  sustain  a  burgeoning  population 
(pages  6-7)."  As  a  British  agricultural  researcher  observed  in  1998:  'Pesticides 
and  inorganic  fertilizers  have  got  us  into  a  situation  where  farming  lool<s  like  a 
nineteenth  century  smol<estack  industry'. ^°And  in  tones  reminiscent  of  Carson, 
Colin  Tudge  has  recently  criticized  agricultural  science  and  technology  that  has 
become  divorced  from  the  principles  and  traditions  of  sound  husbandry ^^ 

As  she  repeatedly  emphasized  in  the  storm  that  foil  owed  in  the  wake  of  her  book, 
Carson  did  not  call  for  a  ban  on  chemical  pesticides.  She  pleaded  for  a  more 
informed  and  measured  use  of  these  substances.  Her  sensitivity  for,  and 
popularization  of,  'the ecological  web  of  life'  encompassed  a  criticism  of  modern 
scienceand  technology  (pages  4- 5).  'This  is,' she  observed,  'an  era  of  specialists, 
each  of  whom  sees  his  own  problem  and  isunawareof  or  intolerant  of  the  larger 
frame  into  which  it  fits.  It  is  also  an  era  dominated  by  industry,  in  which  the 
right  to  make  a  dollar  at  whatever  cost  is  seldom  challenged.'"  With  this 
sentiment,  Carson  became  the  'spiritual  grandmother...  to  the  whole  counter- 
cultural  rejection  of  technocracy'  in  the  1960s."  For  her,  this  was  part  of  a 
longer-running  campaign  to  bridge  the  chasm  between  what  C  P  Snow  had 
called  the 'two  cultures^  in  his  Rede  lecture  of  1959.  By  wedding  her  talents  as  a 


See  Carson  R.  (1962;  rept.  1987):  9. 

^Simmonsl  G.  (2001)  An  Environmental  Hiiory  of  Great  Britain:  From  10  000  yearsagoto  present. 
Edinburgh:  Edinburgh  University  Press,  258-70. 

^^TudgeC.  (2003)  So  Sha// we  Reap.  London:  Allen  Lane 

"  Carson  R.  (1962;  rept.  1997):  13. 

"SeeM  arwickA.  (1998)  TheSixties  Cultural  Re/olution  in  Britain,  France  Italy  and  theilnite:! States, 
C.1958-C.1974.  Oxford:  Oxford  University  Press,  88.  For  an  historical  exploration  of  the  relationship 
between  insect  control,  professional  ambitionsand  ecology,  seePalladino  P  (1996)  Entomology  Ecology 
and  Agriculture  The  making  of  scientific  careers  in  North  America,  1885-1985.  Amsterdam:  Harwood 
Academic  Publishers  For  the  British  context,  see  Sheail  J.  (1985)  Peiicides and  Nature Consrvation: 
TheBritish  eKperiencel950-1975.  Oxford:  Clarendon  Press. 


literary  intellectual  to  her  scientific  knowledge,  Carson  aspired  to  replace  an 
economic  with  an  ecological  approach  to  insecticides  (pages  8-9).^" 

With  the  increasing  emphasis  on  lifestyle  choices  and  personal  responsibility  for 
health,  ithasbecomedifficulttoshiftthefocusfrom  managing  individual  health 
to  controlling  the  influences  of  the  world  around  us  in  an  ecologically  informed 
manner  (pages  21-22)."  Rachel  Carson  embodied  some  of  these  tensions. 
Undoubtedly  embarrassed  by  the  cultural  freight  of  some  perceived  personal 
failing,  she  never  used  the  word  'cancer'  or  'malignant'  in  relation  to  the  disease 
from  which  she  suffered  in  tragically  ironic  silence.  But  she  referred  directly  to 
the  threat  of  cancer  from  chemical  insecticides  in  two  of  the  chapters  of  Silmt 
Spring,  on  which  she  was  worl<ing  at  the  time."  Eighteen  months  after  the 
publication  of  Silmt  Spring,  and  40  years  ago  this  month  [April  2004],  Rachel 
Carson  died  from  cancer.  By  raising  our  'toxic  consciousness',  she  contributed  to 
a  shift  in  perception  of  Western  society  Whereas  once  defined  by  what  it 
produced.  Western  culture  is  now  defined  by  the  waste  and  pollution  that  it 
generates.  T  he  C  old  War  era  that  gave  birth  to  Siimt  Spring  has  been  supplanted 
by  'the  Age  of  the  Environment'." 


John  Clark 

St  Andrews 


Graham  F  Jr.  (1970)  Si  nee  Si  lent  Spring.  Greenwich:  Fawcett  Publications,  63. 

"  See  Davis  D.  (2002)  When  SmolceRan  Like  Water:  Tales  of  environmental  deception  and  the  battle 
againi pollution.  Oxford:  Perseus  Press,  xvi-xix. 

^*  See  Lear  L.  (1997):  368.  In  addition,  see  Sontag  S.  (1991)  Illness  as  Metaphor  and  AIDS  and  Its 
Metaphors  London:  Penguin  Books. 

"  Deitering  C.  (1996)  The  Postnatural  Novel:  Toxic  consciousness  in  the  fiction  of  the  1980s,  in 
Glotfelty  C,  Fromm  H.  (eds).  The  Ecocritidsm  Reader:  Landmarks  in  literary  ecology.  Athens  and 
London:  University  of  Georgia  Press,  196-203;  Wilson  E  0.  (2000)  The  Age  of  the  Environment 
(suggestion  for  new  name  for  post-Cold  War  era).  Foragi  Policy,  Summer  2000. 
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WITNESS  SEMINARS: 

MEETINGS  AND  PUBLICATIONS' 

In  1990  the  Wellcome  Trust  created  a  H  istory  of  Twentieth  Century  Medicine 
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Environmental  Toxicology 

Professor  Tony  Dayan:  Good  afternoon,  colleagues.  I  have  a  feeling  I  am  here 
as,  I  think  what  the  historians  would  call,  the  artefact,  asl  have  been  surrounded 
by  theenvironment  for  a  long  while.  The  intention  isto  ask  peopleto  talk  about 
the  issues,  the  concerns,  the  problems  and  the  actions,  very  much  as  they  saw 
them  atthetimeand  clearly  as  they  now  recall  them.  Wewill  lead  on,  I  hope,  to 
the  present  and  the  future,  but  taking  very  much  of  that  message  of  the  past.  For 
convenience  we  have  divided  the  afternoon  into  two  parts;  one  predominantly 
concerned  with  pesticides  and  their  immediate  problems  and  effects;  and  in  the 
latter  half  of  the  afternoon  wewill  go  on  to  more  general  areas  related  to  air  and 
water  pollution. 

These  topics  must  betaken  broadly  We  are  concerned  with  human  health,  the 
environment  and  environmental  health,  and  the  health  of  other  living  systems - 
ecology  in  the  broadest  fashion.  I  am  looking  forward  to  hearing  what  you  are 
going  to  say  Let's  start  then  with  Professor  Lovelock. 

Professor  James  Lovelock:  Thank  you.  Chairman.  Rachel  C arson's  story^  must 
go  a  long  way  back  in  time.  I  could  find  no  classical  references,^  and  I  suppose 
environmental  concern  started  in  theeighteenth  and  nineteenth  centuries,  when 
the  Industrial  Revolution  intensified  agriculture  and  led  to  much  greater  food 
production.  But,  of  course,  there  were  also  appalling  events,  among  them  the 
Irish  famine,  caused  by  potato  blight.^  It  was  these  that  led  us  to  use  chemical 
agents  for  pests  and  fungi  control.  In  the  nineteenth  century  these  included 
substances  like  lead  arsenate,  nicotine  and  coal-tar  dyes.  Most  of  them  were 
universally  toxic,  although  a  few  were  benign,  like  the  Bordeaux  mixture  of 


'See Carson  (1962). 

^  Dr  Dennis  Simms  wrote:  Theda/astation  wrought  in  classical  times  to  fauna  was  on  a  large  scale. 
When  H  itier  invaded  Greece,  there  were  no  lions  left  to  harass  his  supplies  as  they  had  done  to  Xerxes' 
troops  But,  in  addition  to  the  destruction  of  flora  and  fauna,  deforestation  and  soil  erosion,  there  was 
environmental  pollution  from  similar  processesto  those  of  the  recent  past.  M  any  writers  were  aware  of 
the  resultant  dangers:  Vitruvius  [De  Architectura)  described  how  to  obtain  clean  water  free  from 
contaminants  Being  sent  to  the  silver  mines  at  Laurion  near  Athens  and  the  mercury  mines  in  I  beria 
was  recognized  as  a  death  sentence.  Lucretius  described  the  effects  of  gold  mining  on  the  miners.  The 
remedies  offered  by  the  Greek  poet,  N  icander,  for  toxic  metal  poisoning  were  disgusting,  dangerous 
and  always  futile.  But  although  outbreaks  of  lead  poisoning  were  common,  there  is  no  sound  evidence 
that  it  caused  the  downfall  of  the  Roman  Empire.'  E-mail  to  M  rs  Lois  Reynolds,  23  M  ay  2003.  See 
also  Hughes (1994). 

^  In  1845  the  Irish  potato  crop  was  de/astated  by  an  attack  of 'late  blight',  now  known  to  be  the  plant 
pathogen  Phytophthora  /nfestans;  see  Ristaino  (2001).  See  also  Kinealy  (1997);  Grada  (1999). 
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sulphur  and  copper,  which  was  effective  against  fungi."  Another  almost  benign 
agent  was  pyrethrin,  which  came  along  a  bit  later.^ 

U  p  until  the  Second  World  War  the  range  of  chemical  weapons  that  could  be  used 
for  pest  control  was  almost  aslimited  as  the  range  of  drugs  that  were  availableto  cure 
infectious  disease.  I  think  it  was  LewisThomas  who  said  that  there  were  only  three 
medicines  before  the  mid-1930s  that  were  any  use  at  all.' Then  in  1939  the  Swiss 
chemist,  M  ijller,  discovered  the  potent  insecticidal  properties  of  D  DT.Mnterestingly 
this  was  a  compound  first  synthesized  in  the  pra/ious  century,  but  no  one  had 
noticed  its  potential  at  that  time.  It  was  so  powerful,  yet  apparently  harmless  to 
humans,  that  it  was  used  on  a  grand  scale  towards  the  end  of  the  Second  World  War 
and  subsequently  Itwasusedtokill  lice,  cut  short  epidemics  of  typhus  and  it  proved 
to  bea  potent  agent  in  malaria  control.  Itwassaidto  have  saved  morelivesthan  any 
other  chemical,  and  M  iJller  was  awarded  the  Nobd  Prizefor  Physiology  or  Medicine 
in  1948, 1  think  most  people  at  the  time  thought  most  deservedly^ 

The  1940s  and  1950s  were,  of  course,  times  of  innocence.  We  all  bdie^/ed  that 
science  was  benign  and  that  eventually  the  sensible  use  of  chemicals  would  set 
humankind  free  from  pests  and  disease.  Butitwasalso,  of  course,  atimewhen  many 
new  herbicides  and  pesticides  were  invented,  including  the  organophosphates.^  The 

"Professor  James  Lovelock  wrote:  The  original  Bordeaux  mixture  was  discovered  accidentally  in  1882; 
it  was  made  from  calcium  hydroxide,  copper  sulphate  and  water.  It  is  still  used  as  a  fungicidal  wash  or 
spray  to  treat  orchard  trees  (source Encydopaecf/a  Britannica  2002).'  Letter  to  Dr  Daphne  Christie,  9 
December  2003. 

^  Pyrethrum,  an  extract  of  the  chrysanthemum  and  otherwise  known  as  Persian  I  nsect  Powder,  was  used 
as  an  insecticidefrom  the  early  nineteenth  century  Pyrethrin  insecticidescameon  to  the  market  in  the 
late  1960s  and  early  1970s  See  M  cLaughlin  (1973)  and  page  96. 

'  Quinine  (malaria),  emetine  (amoebic  dysentery),  thymol  (intestinal  hookworm)  and  arsphenamine 
(syphilis).  SeeThomasL.  (1983):  13;  Russell  (2001).  See  also  correspondence  from  Dr  Peter  Hunter 
to  D  r  D  aphne  C  bristle,  30  M  arch  2004. 

'  DDT  [l,l-bis(4-chlorophenyl)-2,2,2-trichloroethane]  was  first  synthesized  by  OthmarZeidler  in  1874. 
It  was  first  used  on  a  large  scale  by  the  U  S  Army  in  Italy  in  1943,  and  after  the  Second  World  War  was 
taken  up  across  the  world  as  part  of  the  Eighth  World  H  ealth  Assembly's  global  M  alaria  Eradication 
Program.  By  1962  over  80  million  kilograms  of  DDT  were  used  each  year.  By  1970  DDT  was  being 
supplanted  by  more  quickly  degraded,  less  toxic  agents  Its  use  was  banned  in  a  number  of  countries.,  in 
the  USA  from  1972  and  from  1986  in  the  UK.  SeeDunlap  (1981);  Jackson  (1998);  Tren  and  Bate  (2001). 

°  Paul  M  Qller  received  the  1948  N  obd  Prize  for  'his  discovery  of  the  high  efficiency  of  D  DT  as  a  contact 
poison  against  sa/eral  arthropods:.  See  M  Qller,  (1948, 1955);  Q  uiroga  (1990):  416-19. 

'  The  first  organophosphate  pesticides  were  developed  during  the  Second  World  War  at  I  G  Farben's 
chemical  plant  at  Auschwitz.  M  alathion  came  on  to  the  market  in  1950.  See  N  ajera  et  al.  (1967). 
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illusion  broke  in  1962  when  Rachel  Carson  published  her  seminal  book  S;7ent 
Spring}"  Like  all  her  books,  it  was  beautifully  written  and  it  became  a  bestseller, 
but  themessagewas  apocalyptic;  if  we  went  on  using  chemical  pesticides  bird  life 
would  soon  become  extinct. 

Well,  I  played  a  minor,  possibly  significant,  part  in  this  story.  I  had  invented  in 
1956  at  the  National  Institute  for  M  edical  Research  at  M  ill  H  ill  a  device  called 
the  electron  capture  detector  (EC  D )."  It  was  exquisitely  but  selectively  sensitive 
to  unpleasant  substances,  including  halogenated  compounds,  and  it  could  detect 
them  directly  in  biological  materials  with  minimal  prior  sample  preparation.  By 
1960  it  was  available  from  scientific  instrument  manufacturers  in  Europe  and 
the  U  SA,  and  was  widely  used.  Strangely,  there's  no  mention  of  this  device  in 
Rachel  Carson's  book.  She  mentions  only  wet  chemical  methods,^^  whose 
accuracy  would  have  been  in  doubt  particularly  at  the  parts  per  million  levelsshe 
was  talking  about.  It  seems  probable  that  the  chemists  who  advised  her  on  the 
results  of  pesticide  analysis  were  aware  of  the  EC  D,  but  stuck  with  their  familiar 
methods,  which  to  them  seemed  the  sensible  thing  to  do. 

It  was  not  long  before  the  electron  capture  detector  became  the  standard 
method  for  pesticide  and  herbicide  analysis.  Its  disadvantage  was  that  it  was 
much  too  sensitive.  As  little  as  a  few  hundred  thousand  molecules  of  a 
pesticide  like  dieldrin"  or  DDT  can  be  detected,  or  in  other  words  a  few 


'"Carson  (1962). 

"The  electron  capture  device  (EC D)  is  the  most  sensitive  gas  chromatographic  detector  for  halogen- 
containing  compounds  such  as  chlorofluorocarbons  (CFCs).  Lovelock's  first  model  of  the  device  was 
made  from  scrap  materials  and  aspark-plug.  Lovelock's  account  of  his  early  career  and  theinvention  of 
theECD  can  be  found  at  resurgencegn.apc.org/issues/lovelockl87.htm  (site  accessed  12  September 
2003).  See  also  Lovelock  (1997). 

"  'Wet  chemical  methods'  were  used  in  air-quality  monitoring  prior  to  the  mid-1960s  Ambient  air  was 
drawn  through  a  reagent  solution,  removing  a  particular  pollutant  via  chemical  reaction  with  the 
reagent  Quantitative  UV  analysis  was  then  carried  out  in  the  laboratory  These  methods  had  a  number 
of  limitations,  including  poor  temporal  resolution  due  to  the  long  sampling  times  required  to  achieve 
the  necessary  sensitivity  and  poor  selectivity  due  to  interference  from  other  pollutantsin  the  air  samples. 

'^Dieldrin  is  one  of  a  group  of  organophosphate  pesticides  which  arestructurally  related  to  DDT.  From 
the  1950s  until  the  1970s  dieldrin  was  widely  used  as  a  pesticide  in  the  USA  and  western  Europe 
H  owever,  like  DDT,  dieldrin  was  found  to  accumulate  in  food  chains  and  has  been  linked  to  chronic 
disease  in  humans  In  1974  the  US  Environmental  Protection  Agency  banned  all  uses  of  dieldrin  except 
for  termite  control,  and  it  was  banned  completely  in  1987.  See,  for  example,  Carson  (1962):  93-95, 
130, 154, 175. 
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femtograms."  At  this  sensitivity  pesticides  can  be  found  in  natural  vegetation, 
even  from  a  remote  area  such  as  the  islands  off  Antarctica.  As  soon  as  a  quantity 
is  attached  to  a  measurement,  sadly  it  seems  to  acquire  a  spurious  significance. 
N  umeracy  is  unfortunately  not  common  and  when  it  is  said  that  pesticides  have 
been  found  in  a  foodstuff,  the  unwise  immediately  assume  that  it's  unhealthy  to 
eat,  regardless  of  the  fact  that  the  quantity  may  be  quite  infinitesimal.  It  is 
interesting  to  me  that  the  same  people  often  also  believe  in  the  curative  powers 
of  homeopathic  medicine.  The  politicians  didn't  help,  because  some  of  them 
demanded  'zero'  levels  for  toxic  agents.  When  you  can  measure  femtograms, 
'zero'  becomes  extremely  small.  We  were  carried  away  by  the  promise  of  science 
in  thefirst  half  of  the  last  century  but  I  thinl<  we  have  gone  much  too  far  in  the 
second  half  in  denigrating  it. 

Dayan:  Thank  you.  You  have  raised  many  issues  for  us  to  talk  about.  Sir  Colin 
Berry  has  promised  to  lead  us  off  on  some  aspects  of  pesticides. 

Professor  Sir  Colin  Berry:  One  of  the  important  things  I  think  we  have 
forgotten  in  much  of  the  debate  that  has  ended  up  by  vilifying  chemicals,  isthat 
between  1850  and  1900  around  200  million  hectares  of  grassland  were 
converted  into  grain  fields  in  theUSA  alone,  and  there  was  a  comparable  change 
in  Russia  and  Australia,  and  some  of  the  South  American  countries.^^  This 
change  in  land  use  and  the  use  of  agriculture  machinery  increasing  world 
population.  But  nobody's  making  any  more  land,  or  at  least  if  you  do  (as  in 
Holland  or  in  Singapore)  it's  far  too  expensive  to  use  for  farming.  Soweneeded 
another  set  of  advances  to  go  on  feeding  people. 

Those  of  you  who  have  seen  Vaclav  Smil'sbook  on  the  nitrogen-fixing  process^^ 
will  know  that  he  wrote  that  if  we  were  to  provide  the  average  1995  per  capita 
food  supply  using  the  1900  level  of  agricultural  productivity  we  could  only  feed 
2.4  billion  people,  or  about  40  percentof  those  alive  today  Without  considering 
pesticides  or  genetic  engineering,  thereisa  very  good  illustration  of  how  simple 
farming  techniques  and  the  use  of  land  have  changed.  Indeed  the  pressure 
nowadays  is  to  return  more  land  to  wilderness  rather  than  to  increase  the  use  of 
land.Theapocalyptic  view  that  was  taken  in  Rachel  Carson's  book  was  matched 


A  femtogram  is  10    g.  See  also  note  50. 
'Smil  (2001):  cli.  8. 
'Smil  (2001). 
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by  another  one  on  thefood  issue  by  Professor  Paul  Ehrlich  who,  in  1971  in  The 
Population  Bomb  wrote: 

Thebattleto  feed  all  of  humanity  isover.Thefamines of  the  1970s 
are  upon  us-  and  hundredsof  mi  1 1  ions  of  more  people  are  going  to 
starve  to  death  before  this  decade  is  out." 

This  shows  the  value  of  nonsense.  ThePopulation  Bomibsold  very  well;  3  million 
copies.  Apocalyptic  warnings  are  very  much  in  favour  with  those  who  are 
anxious  about  things. 

So  the  changes  involved  in  the  way  in  which  farming  is  practised  now  have 
included  selectivebreedingof  crops,  the  use  of  artificial  nitrogen  and  importantly 
I  think,  the  prevention  of  pest- related  crop  failure  and  losses.  Losses  due  to  food 
spoilage,  and  the  prevention  of  the  formation  of  toxins  in  food  as  a  consequence 
of  both  pests  and  spoilage,  including  losses  in  transport  and  storage,  have  been 
reduced  enormously  by  chemical  treatment.  But,  as  has  already  been  pointed  out, 
it  is  the  chemicals,  rather  than  the  microbiological  agents  and  their  problems  that 
the  chemicals  are  designed  to  eliminate,  that  have  attracted  opprobrium.  I  think 
it  will  be  worth  exploring  how  it  is  that  we  got  to  this  situation,  bearing  in  mind 
the  enormous  benefits  we  gain  from  modern  agriculture. 

Asa  comparison,  if  you  slash  and  burn  the  forest  in  the  Amazon  and  then  move 
on,  having  grown  crops,  you  can  support  about  one  person  per  hectare  with  a 
25-year  recovery  cycle.  In  southern  China,  before  the  Second  World  War, 
intensive  agriculture,  by  which  I  mean  the  use  of  human  and  animal  excreta,  of 
cyanobacterial  fixation  of  nitrogen  in  carp  ponds,  with  the  dead  and  rotting 
material  from  those  ponds  put  on  the  land  and  so  on,  supported  about  ten 
people  per  hectare  with  a  huge  human  disease  burden  imposed  on  the 
population  by  using  that  kind  of  agricultural  methodology^^  And  yet  modern 
agriculture  supports  45  people  per  hectare  every  year,"  and  although  there  are 
undoubtedly  adverse  consequences,  that's  a  sobering  comparison. 

Dayan:  Dr  Corcoran,  you  had  a  long  involvement  with  the  control  of  toxic 
chemicalsand  we  have  to  regard  even  pesticides  selective  for  particular  properties 
as  they  are,  as  being  toxic. 


"See Ehrlich  (1971):  ix. 
"SeeZhueta/.  (1997):  328. 
"Smil(2001):ch.  8. 
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Dr  Peter  Corcoran;  M  y  role  on  the  Advisory  Committee  on  Pesticides  (AC  P) 
was  as  a  departmental  assessor.^"  Assessors  represent  M  inisters,  who  are  finally 
responsiblefor  agreeing  whether  a  pesticidecan  be  used  or  not.  So  assessors  have 
to  balancethepurely  scientific  views  represented  by  the  excel  lent  members  of  the 
committee,  including  of  course  yourself,  Chairman,  with  what  they  judge  will  be 
the  political  view.  In  my  experience  the  approvals  procedures  for  pesticides  came 
to  scientifically  valid  conclusions  that  were  also  politically  acceptableattheti  me. 
By  and  large  the  recommendations  of  the  AC  P  were  accepted  both  by  M  inisters 
and  by  the  public,"  apart  from  a  relatively  small  number  of  people  who  were 
simply  opposed  to  pesticides  and  eat  organically  So  I  would  say  that  science  did 
feed  into  thedecision-mal<ing  process,  and  I  am  sure  that  the  overall  decisions 
that  were  reached  were  sensible  ones. 

Dayan:  One  of  the  things  that  stril<esme,  listening  particularly  to  the  first  three 
speakers,  knowing  what  little  I  do  of  that  era,  is  that  many  of  us  became,  at  least 
initially  very  concerned  about  human  health  and  its  protection  (with  the 
exception  of  Rachel  Carson)  unless  I  am  showing  my  own  particular  bias.  There 
was  rather  less  concern  with  ecological  health  and  of  the  non-human  living 
systems.  N  ow  I  don't  know  whether  I  am  wrong  there,  or  whether  there  was  as 
much  concern  with  these  other  systems,  despite  D  r  Carson's  very  strident  call. 
H  ow  did  that  come  about? 

Lovelock;  My  memory  is  that  you  are  completely  right.  There  was  very  little 
concern  about  world  ecology  before  Rachel  Carson's  book."  We  were  all  in  a 
humanist  frame  of  mind  and  thegood  of  mankind  seemed  to  be  a  sufficient  aim 
for  us  to  work  towards.  Certainly  in  the  Medical  Research  Council  [M  RC]  I 
don't  think  anybody  seemed  to  feel  that  what  they  were  doing  could  even 
conceivably  bethought  of  as  harmful  to  the  environment. 

Berry;  I  agree,  I  think  that  was  true.  I  think  that  it  was  because  we  had  this 
humanocentric  view  of  things.  The  success  of  DDT  at  the  end  of  the  Second 
World  War  in  breaking  up  the  typhus  outbreak  which  was  devastating  southern 


^°  The  Advisory  Committee  on  Pesticides  (AGP)  was  established  in  1985  under  section  16(7)  of  the 
1985  Food  and  Environmental  Protection  Act.  It  advises  the  British  government  on  pesticide 
regulation  in  the  UK. 

^'  Advisory  C  ommittee  on  Pesticides  (2002). 

^^SeeWhorton  (1974)  for  a  discussion  of  the  pre-S;7ent  Spring  ecology  movement.  See  also  Gunter  and 
Harris  (1998). 
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Europe"  and  the  enormous  advances  in  malaria  prevention  in  Ceylon,  when  it 
lool<ed  as  if  it  would  become  a  malaria-free  island,^"  were  seen  as  very  real 
advances.  Those  successes  distracted  people,  despite  what  we  have  said  about  the 
sense  of  loss  of  magical  process  in  science.  M  ax  Weber,"  a  sociologist,  wrote  of 
the  loss  of  'entzauberung',"  and  he  certainly  thought  that  people  were  gi  vi  ng  up 
on  science.  It  wasn't  just  that  attitude,  it  was,  I  thinl<,  simply  that  nobody  had 
thought  about  adverse  effects  because  so  much  benefit  was  coming  in  a  way  that 
was  easily  observable. 

Mr  Stanley  Johnson:  I  was  involved  at  a  very  early  date  in  the  European  Union's 
(EU)  environmental  programme  -  then  it  was  the  European  Economic 
Community  (EEC),  it's  got  rather  grander  recently"  Its  first  environmental 
programme  was  drawn  up  at  the  beginning  of  1973,  shortly  after  the 
enlargement  of  the  EEC  from  the  then  six  members  to  nine  members.  The  UK 
joined  on  1  January  1973,"  and  I  do  recall  that  one  of  the  issues  facing  us  as  we 
drew  up  the  first  environmental  action  programme  was  how  to  deal  with  the 
question  of  environmental  toxicity  I  think  I  would  be  right  to  say  that  at  least 
in  the  first  and  second  environmental  action  programmes,  1973-76  and 
1976-80,  the  emphasis  was  very  much  on  the  impact  of  toxic  chemicals, 
including  pesticides,  on  human  health. 

Why  do  I  say  that?  Partly  because  the  EEC  was  drawing  on  the  existing  set  of 
criteria.  When  I  use  the  word  'criteria'  I  am  using  it  in  the  rather  special  sense 
that  the  EU 's  first  environmental  action  programme  used  it,  that  is  to  say,  an 
effort  to  describe  a  dose- effect  relationship.  The  idea  was  that  at  a  certain  level 


See  Russell  (1999)  for  the  politics  of  D  DT  use  during  the  Second  World  War. 

^''  See  Jackson  (1998);  Packard  (1998)  for  the  global  M  alaria  Eradication  Program  in  the  1950s 

^^  M  ax  Weber  (1864-1920)  argued  for  a  scientific  and  value-free  approach  to  research,  yet  highlighted 
the  importance  of  meaning  and  consciousness  in  understanding  social  action.  See  Parsons  (1976); 
Turner  (1992). 

^'Disenchantment;  a  word  commonly  used  by  nineteenth-century  German  intellectuals  to  describe  the 
perception  of  an  emotional  or  spiritual  void  in  modern  society  See  Boyer  (2001). 

"  M  r  Stanley  Johnson  wrote:  'The  Treaty  of  M  aastricht  (1992)  introduced  new  forms  of  cooperation 
between  the  member-state  governments-  for  example  on  defence,  and  in  the  area  of  "justice  and  home 
affairs".  By  adding  this  intergovernmental  cooperation  to  the  existing  "community"  system,  the 
M  aastricht  Treaty  created  the  European  Union  (EU).'  Note  on  draft  transcript,  12  December  2003. 

^°  The  U  K  entered  the  EEC  during  Edward  H  eath's  Conservative  government  in  1973,  along  with 
Denmark  and  Ireland. 
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the  presence  of  a  particular  chemical  in  the  environment  would  be  harmful  to 
human  health.  I  stress  human  health.  In  that  first  programme  we  picked  a 
number  of  chemicals,  obviously  the  more  obvious  ones,  but  some  slightly  less 
obvious,  like  vanadium."  Now  in  moving  on  this  field  of  activity,  we  were  very 
much  inspired  by  the  work  which  the  WHO  [World  Health  Organization]  had 
done  in  the  1960s  in  drawing  up  its  criteria  documents,  including,  of  course, 
standards  on  air  pollution  and  certain  water  pollutants.^" 

Within  its  first  few  years  the  EU  defined  dose-effect  relationships  for  the 
presence  of  chemicals  in  the  environment,  and  it  did  so  having  in  mind  human 
health.  It'sonly  been,  I  would  say  in  the  last  ten  or  15  years-  but  Peter  Corcoran 
and  Dennis  Si  mms  will  be  able  to  correct  me  on  this-  that  the  EU  has  made  a 
wider  effort  to  try  to  define  environmental  standards  based  also  on  the  effect  of 
pollutants  on  the  environment  as  a  whole,  including,  of  course,  the  aquatic  and 
terrestrial  environments,  and  this  has  been  a  much  more  complicated  exercise. 

It  has  been  a  two-fold  approach.  There's  been  an  attempt  to  define  environ  mental 
quality  standards,  which,  as  I  have  said,  tended  to  be  largely  health  quality 
standards,  but  at  the  same  ti  me  there  was  an  attempt  to  defi  ne  product  standards. 
That  gave  rise  to  a  whole  array  of  environmental  legislation  emanating  from  the 
EU  in  the  1970s  and  1980s  to  do  with  the  presence  of  toxic,  or  potentially  toxic, 
chemicals  in  products.  Whether  these  were  new  chemical  products,  in  which  case 
there  were  EU  proceduresforthetesting  of  these  products,  or  whether  they  were 
existing  chemical  products,  in  which  case  whole  procedures  were  laid  down  for 
the  inventory  and  assessment  of  those  products.  So  it  became  very,  very  complex 
altogether  and,  of  course,  the  effort  had  always  been  to  relate  these  product 
standards  to  the  toxic  burden  in  the  environment  as  a  whole. 

TheEU  has  never,  I  think,  managed  to  solve  the  question  of  the  use  of  animal 
testing  as  a  proxy  for  defining  danger  to  man.  It  has  become  a  terrifically 
controversial  issue  and  remains  so  today,  and  I  would  say  it's  one  of  the  great 
challenges  for  legislators  throughout  the  West  to  define  systems  of  assessing 
toxicity  that  do  not  rely  on  animal  tests. 


^' The  environmental  impact  of  vanadium,  atoxic  metal,  remains  poorly  understood.  It  is  present  in  a 
variety  of  compounds,  most  notably  crude  oil  and  petroleum,  and  high  environmental  levels  of  the 
element  have  been  detected  since  the  1960s  H  owever,  some  studies  have  suggested  that  vanadium  is 
also  an  essential  nutrient  for  certain  groups  of  organisms.  See  for  example,  Zaporowska  and  Wasilewski 
(1992);  Nriagu  (1998). 

30 


See,  for  example,  World  H  ealth  0  rganization  (1972). 
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Corcoran:  M  ay  I  expand  a  little  and  comment  on  some  of  the  issues  raised  by 
others.  When  looking  at  the  assessment  of  the  impact  of  pesticides  on  human 
health  and  the  environment,  there  is  a  fundamental  difference  between  the 
acceptable  risks  to  people  and  to  the  environment.  The  acceptable  risk  to 
consumers  from  pesticide  residues,  or  to  people  using  pesticides,  is  effectively 
zero,  disregarding,  for  the  moment,  accidents.  That's  not  so  in  the  case  of  the 
environment;  it  is  accepted  in  making  an  approval  [by  a  safety  committee]  that 
a  pesticide  is  going  to  have  an  impact  on  the  environment. 

In  fact  that's  its  whole  purpose,  that's  exactly  what  it  is  supposed  to  do,  and  that 
impact  is  only  part  of  the  impact  of  intensive  farming  in  general.  The  whole 
point  of  intensive  farming  isto  change  the  environment,  to  grow  food.  So  when 
looking  at  the  environmental  impact  of  pesticides,  you  have  to  balance  the 
benefits  and  the  known  environmental  factors,  and  to  try  to  identify  primary 
effects  that  are  acceptable  because  they  aim  to  improve  agriculture,  and  the 
unintended  secondary  effects.  So  there  is  a  fundamental  difference  between  zero 
risk  for  human  health  and  an  acceptable  risk  for  the  environment. 

Berry:  I  very  much  agree  with  what  Peter  says.  I  think  we  have  another  major 
failing  that  wasn't  apparent  to  us  in  the  past,  and  that  is  that  we  have  tended  to 
assume  that  there  will  be  global  solutions,  which  I  am  sure  is  wrong.  If  I  can  leap 
forward  40  years  we  now  would  begin  to  think  very  hard  about  using  certain 
drugs  in  individuals  when  we  know  a  good  deal  about  their  genetic  make-up. 
There  will  be  some  people  who  can  tolerate  particular  drugs  that  will  kill  others 
(a  good  example  might  have  been  Opren^^).  Now  if  it  is  possible  to  distinguish 
between  which  people  it  would  kill  and  which  it  would  aid,  perhaps  that  means 
you  use  the  drug  differently  In  the  same  way  the  DDT  decision  that  was  made 
probably  on  (at  least)  suspicious  data  about  American  birds  of  prey,^^  had  an 
enormous  impact  in  other  parts  of  the  world  and  I  think  some  of  these  ideas  of 
zero  risk  in  one  society  might  be  quite  different  in  another  society  We  have  been 
rather  too  imperialistic  about  someof  our  attitudes.  That's  something  that  may  be 
an  important  historical  change:  weget  better  at  deciding  which  isthe  risk- benefit 


^^  Opren  (benoxaprofen)  is  a  non-steroidal  anti-inflammatory  drug  (N  SAID)  used  to  treat  arthritis, 
which  has  been  shown  to  cause  death  from  intestinal  bleeding  in  some  patients  See  Anon.  (1983). 

^^The  idea  that  DDT  was  responsible  for  the  declining  population  of  many  bird  species  because  it 
thinned  and  weakened  their  eggshells  was  a  central  tenet  of  S/'/entSpr/ng.  This  hypothesis  was  based  on 
the  work  of  Dr  James  DeWitt,  who  claimed  that  the  eggs  of  quail  and  pheasants,  which  had  been 
exposed  to  DDT  over  a  long  period,  were  much  less  likely  to  hatch.  SeeDeWitt  (1955, 1956). 
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analysis  we  are  going  to  consider.  I  fiave  just  been  reading  sometlning  about  the 
Botswana  government's  poiicy  in  tsetse-fiy  controi  and  one  of  the  teiiing 
statements  in  the  documents  is,  'What  wouid  happen  to  Botswana's  tourist 
industry  if  onetouri  St  died  of  sleeping  si  ci<ness?'"  It'sa  quite  different  perspective, 
organochiorineversuspyrethroid,^"  which  we  might  adopt  in  Europe. 

Professor  Frank  Woods:  I  wonder,  IM  r  Chairman,  if  I  might  return  to 
somethingthatthefirstspeal<er  said  and  is  a  very  fundamental  point:  that  when 
these  effective  chemicals  were  first  introduced,  there  seemed  to  be  a  complete 
lacl<  of  interest  in  their  environmental  impact."  I  am  not  surprised  at  that, 
because  if  you  lool<  at  the  whole  history  particularly  the  history  of  European 
man's  attitude  towards  the  natural  world  -  and  I  thinl<  it  isvery  well  summed  up 
in  Keith  Thomas^  booP-  you  will  see  that  for  many  hundreds  of  years  we  have 
had  a  very  materialistic  view  of  the  environment,  that  it  was  there  for  our  benefit 
rather  than  the  more  recent,  and,  of  course,  more  excellent  view,  that  we  are 
going  to  have  to  lool<  after  it.  I  am  afraid  that  the  environment  has  tal<en  a 
chemical  battering  for  at  least  200  years  and  we  have  completely  ignored  it, 
because  we  had  this  view  that  it  was  there  for  our  benefit. 

Dayan:  Doyou  feel  that  our  attitude  to  the  environment  has  been  oneof  not  just 
indifference,  deliberateignoranceorunawarenessperhapsuntil  very  recently,  or  is 
it  that  we  l<new  there  might  be  effects,  and  we  didn't  bother,  because  the  direct 
human  benefits  were  so  clear  that  there  was  no  need  to  worry  about  anything  else? 

Lovelock:  To  return.  Chairman,  to  what  you  said  earlier  on,  why  did  we  have  this 
change  of  heart?  Since  this  seminar  is  about  the  history  of  the  story,  I  think  we 
shouldn't  leave  out  of  the  account  the  other  things  that  happened  in  relatively 
recent  years,  like  the  concern  about  the  ozone  layer  and  more  recently  about 
growing  greenhouse  gas  accumulation."  These,  I  think,  made  people  for  the  first 
time  aware  that  they  were  dealing  with  a  global  problem,  and  it  fed  back  to  Rachel 


^^  From  thefirst  appearance  of  sleeping  sickness  in  Botswana  in  1934,  outbreaks  increased  up  to  1971.  In 
1973  aerial  spraying  with  endosulfan  coincided  with  a  decline  in  the  disease  and  in  1979  aerial  spraying 
was  shown  to  be  effective  in  eliminating  a  threatened  epidemic  of  sleeping  sickness.  See  Davies  (1982). 

^^  In  other  words,  the  highly  effective  but  extremely  toxic  and  persistent  organochlorine  pesticides  as 
opposed  to  the  less  effective  but  'greener'  pyrethroids 

^^  See  page  8. 

''Thomas K.  (1983). 

''  Watson  (2001). 
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Carson's  Story  in  a  way  that  amplified  it  mucin  faster  tfian  it  otherwise  wouid  have 
been  and  brought  it  into  the  pubiic  consciousness  right  around  theworid.  Weare 
now  much  more  aware  that  we  are  part  of  a  smaii  pianetwith  limited  resources. 

Dayan:  How  much  of  that  change  in  attitude  has  come  from  changes  and 
improvement  in  basic  scientific  understanding?  You  can't  investigate  a  problem 
until  first  of  all  you  recognize  that  thereissomething,  even  if  it'snot  well  defined 
until  you  have  some  methods  with  which  to  explore  it.  I  wondered  if,  say,  going 
back  to  the  1960s,  to  Rachel  Carson,  her  examples,  particularly  of  birds,  were 
ones  that  stood  out  very  clearly  for  particular  reasons.  Perhaps  ornithologists 
have  been  more  quantitative  than  many  other  natural  scientists  for  various 
reasons.  How  much  do  wejust  lacl<  that  basic  understanding  of  the  processes? 

Professor  Richard  Carter;  I  thinl<  it's  primarily  a  lacl<  of  understanding.  It's 
interesting  that  Rachel  Carson  placed  so  much  emphasison  birds;  could  she  have 
made  an  equally  attractive  case  with,  shall  we  say,  insects?!  doubt  that  she  would 
have  made  the  general  impact  that  she  did.  She  chose  a  very  good  example. 

Could  I  mal<ea  very  brief  comment  about  Keith  Thomas^  book,  M an  and  the 
Natural  World,^^  which  was  mentioned  just  now?  In  it  he  discusses  variations 
between  different  approaches  to  the  natural  world  -  historical,  social,  religious, 
literary  -  and  also  different  approaches  in  different  countries  in  Europe.  But  he 
says  very  little  about  events  after  the  1800s. ^^ 

Dayan;  0  nly  perhaps  in  explaining  some  of  the  attitudes  that  we  have.  But  I 
agree  that  it  is  not  a  direct  analysis. 

Dr  Ingar  Palmlund:  My  history  goes  back  to  the  1970s  as  well.  I  was  Director  of 
the  Swedish  Council  of  Environmental  Information,  and  was  working  for  the 
Swedish  government  in  the  no-man's  land  between  science  and  politics  at  the 
time,  developing  computer  support  for  governmental  agencies  and  so  forth. 

I  have  two  comments  I  would  like  to  make.  First,  Rachel  Carson's  book  is 
interesting  in  a  way  that  we  forgot  for  several  decades;  her  book  inspired  a  great 
deal  of  concern  over  cancer  risks,  carcinogenic  compounds,  but  in  fact  most  of 
her  book  deals  with  reproductive  hazards.  It  wasn't  until  about  seven  or  eight 


''Thomas K.  (1983). 

''  Dr  Dennis  Simms  wrote:  'The  bool<  by  Keith  Thomas  rarely  goes  beyond  the  mid-eighteenth 
century  The  superstitions  do,  but  he  does  not  recognize  this'  Letter  to  Dr  Daphne  Christie,  30 
November  2003. 
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years  ago  when  concerns  over  hormones  in  the  environment,  the  endocrine 
disturbances  that  industrial  chemicals  might  cause,  that  the  interest  in  her  book 
emerged  again.""  So  in  a  way  in  our  culture  we  selected  the  cancer  hazard  as  a 
kind  of  a  profilefor  funding,  a  basisfor  channelling  money  to  research.  That  had 
a  considerable  impact  on  the  developments. 

The  second  point  that  I  would  like  to  make  is  that  I  believe  that  the  United 
Nations  Conference  on  the  Environment  in  1972  in  Stockholm  really  was  a 
landmark  in  raising  awareness  about  the  vulnerability  of  the  planet  and  of 
environmental  conditions."  The  report  that  came  from  studies  in  southern 
N  orway  and  Sweden  of  dying  lakes  inspired  a  great  deal  of  concern."^  After  that 
UN  conference,  government  politicians  from  all  parts  of  the  world  went  home 
to  their  countries  and  started  developing  legislation  to  control  environmental 
problems,  investing  money  in  research  and  setting  up  agencies  whose  sole 
concern  was  the  protection  of  the  environment.  I  think  that  conference  in  away 
has  sustained  the  interest  and  the  research  in  this  area. 

Dayan;  Do  you  feel,  though,  that  the  wish  to  protect,  and  the  legislative  and 
regulatory  means  to  protect,  have  actually  marched  to  the  same  tune  as  the 
science?  One  would  hope,  one  would  expect  that  the  science  should  be  in 
advance,  because  you  can't  control  what  you  don't  know  you  want  to  control, 
and  you  don't  know  how  to  do  so.  I  fear  there  may  have  been  a  basic 
mismatch  there. 

Palmlund;  I  think  it's  different  in  different  areas.  I  have  been  fascinated  to 
follow  the  politics  of  the  global  climate  change  debate.  I  should  perhaps 
mention  that  I  have  been  teaching  international  environment  development 
politics  at  Tufts  University  in  Boston,  USA,  recently  The  world-view  that 
climatologists  have  had  for  a  long  time  brought  them  together  at  annual  or 
even  quarterly  meetings  which  have  made  them  share  data  across  political 
frontiers  in  a  way  that  many  other  scientists  have  not  been  able  to 
communicate  and  compare  their  world-views  and  their  understanding  of  what 


Carson  (1962):  207-9. 

"^  The  United  Nations  Conference  on  the  Human  Environment  tool<  place  in  Stocl<holm  from  5-16 
June  1972,  and  produced  a  set  of  principles  in  the  Stockholm  Declaration  that  led  to  the  founding  of 
the  United  Nations  Environment  Programme  Seewww.unep.org/documentE/default.asp?documentlD=97 
for  the  full  text  of  the  conference  report  (site  accessed  25  September  2003).  See  also  note  116. 

"^  See,  for  example,  Green  /sues,  a  publication  from  the  Norwegian  Pollution  Control  Authority, 
www.rst2.edu/ties/acidrain/PDF/3effects/ef9.pdf  (site accessed  5  December  2003). 
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was  happening/^  I  think  that  has  had  an  impact  on  the  political  developments. 
The  climatologists,  after  scientific  meetings  in  the  1970s,  went  back  to  their 
homegovernmentsand  took  it  as  their  responsibility  to  instruct  politiciansabout 
what  they  understood  about  global  climate  change.  I  don't  think  that  has 
happened  in  many  other  scientific  domains. 

Dayan:  You  raise  a  very  interesting  example  there  with  the  advantage, 
inevitably,  of  looking  over  a  long  period.  One  looks  backwards,  and  the  point 
was  made  before  about  the  EU's  environmental  programme  starting  in  the 
early  1970s.  At  least  from  what  I  know,  but  I  may  be  wrong,  the  United 
Nations'  interest  or  activities  in  these  areas,  the  International  Agency  Research 
on  Cancer  (I  ARC),  the  various  UN -related  bodies  concerned  with  pesticides, 
like  J  M  PR  (Joint  Meeting  on  Pesticide  Residues  of  FAO  and  WHO),  FAO 
(Food  and  Agriculture  Organization),  International  Programme  on  Chemical 
Safety  (IPCS),  they  all  started  I  think  in  the  1960s,  but  their  concentration  at 
that  time  was  exclusively,  so  far  as  I  am  aware,  on  human  health.  I  am  not  sure 
how  the  environment,  though  very  important,  got  into  the  scientific  and 
political  consciousness  around  those  times. 

Dr  Peter  Hunter:  Could  I  just  make  one  point  about  how  the  environment  was 
regarded?Therewasa  very  substantial  area  of  the  world  where  the  environment 
was  regarded  as  a  deadly  deadly  enemy  I  n  West  Africa,  for  instance,  there  was  a 
saying,  'Beware,  beware  the  Bight  of  Benin/where  few  come  out  but  many  go 
in'.'^'Thisisacompletely  different  and  psychological  and  emotional  view. 

Berry:  C  an  we  go  back  to  your  point  about  methodology?  Professor  D  ayan,  you 
were  asking  about  whether  our  capacity  to  do  something  serious  in  science 
depended  on  the  methodology,  which  is  a  very  important  fundamental  point. 
There  is  an  interesting  link  here,  I  think,  in  looking  at  how  opinion  is  formed. 
Celeste  Condit  in  a  very  good  review  last  year  [2001]  in  Nature  Re/iews  in 


*^  The  first  important  international  conference  on  the  assessment  of  the  role  of  carbon  dioxide  and  other 
greenhouse  gases  in  climatic  variations  and  associated  impacts  was  held  in  Villach,  Austria,  in  1977.  For 
details  on  climate  change  see  www.wmo.ch/web/catalogu^New%20HTM  L/fram^engfil/wcn/wcnl6.pdf 
(site  accessed  11  February  2004).  See  also  Last  (1993). 

""  The  Bight  of  Benin,  a  strip  of  land  lying  between  the  Volta  and  Lagos  rivers  in  western  Benin, 
acquired  a  reputation  for  dangerously  high  levels  of  malaria  among  European  slave  traders  in  the 
eighteenth  century 
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Gmdtic^^  analysed  the  way  in  which  the  public  is  influenced.  The  question  of 
defining  what  constitutes  the  public'  isquiteadifficultone,  and  trying  to  obtain 
public  opinion  on  xenotransplantation,  for  example,  depends  whether  you  are 
on  the  waiting  list  for  a  l<idney  or  not.  You  are  not  going  to  get  consensus  views, 
but  Condit  has  lool<ed  at  how  often  opinions,  frequently  on  the  basis  of 
indifferent  science,  mal<etheir  way  into  legislation  in  the  USA. 

Her  conclusion  isthat 'what  gets  said  iswhat  matters^  and  that  much  more  influence 
is  attributable  to  chat  show  hosts  than  to  science  (she  produces  a  very  good  series  of 
referencesto  justify  that  assertion).  Thistroubles  me  because,  lil<eyou,  I  am  concerned 
that  our  methodologies  arent  good  enough  to  measure  what  we  sometimes  draw 
conclusions  about,  and  I  deplore  entirely  the  use  of  the  precautionary  principle, 
though  it'smuch  lauded  in  thisfidd.Theprecautionaryprinciplewas  the  reason  that 
I  spent  a  great  many  years  doing  a  lot  of  autopsies  each  year  on  sudden  infant  death 
syndrome  [SI  DS],  because  everybody  knew  it  was  sensible  to  sleep  children  on  their 
front,  because  you  nursed  unconscious  and  immobile  patients  on  theirfronfMn  fact 
it  killed  them,  and  the  change  has  been  startling.  I  n  the  last  five  years  the  SI  D  S  rate 
hasdropped  from  1600  ayearto  lower  than  400,  of  which  about  a  quarter,  unhappily 
are  known  to  bethe  result  of  criminal  intervention." 

So  there  you  have  a  precautionary  principle,  which  seemed  very  rational  but 
didn't  have  any  science,  but  was  enormously  damaging.  I  share  your  reservations 
about  some  of  the  methodologies  that  we  are  using.  I  think  that  where  we  have 
got  better  at  appreciating  environmental  risk  it  is  because  the  methodology  has 
improved,  because  we  have  a  better  idea  of  what  are  the  indicator  species,  an 
ability  that  was  almost  entirely  lacking  30  years  ago.  That's  a  very  important 
consideration  of  how  things  have  changed,  or  will  change  for  the  better 
scientifically  I  think  wemakea  better  assessment  of  environmental  impacts  than 
we  used  to  do. 


Condit  (2001). 

""^  Professor  Sir  Colin  Berry  wrote:  'As  Cliairman  of  the  JVl  RC  Systems  Board  [JVl  ember  1988-90, 
Chairman  1990-92],  I  know  the  Council  was  under  pressure  to  "do  something"  about  SIDS.  The 
problem  is  that  there  was  nothing  to  do-  there  was  no  hypothesistotest.Thefirst  data  on  the  position 
for  sleeping  came  from  Australia.  See  Beal  and  Blundell  (1978);  Fleming  et  a/.  (1990).'  Letter  to 
D  r  D  aphne  C  bristle,  5  D  ecember  2003. 

"  Statistics  for  2002  showed  that  sudden  unexplained  infant  death  in  the  U  K  decreased  from  415  in 
2001  to  342  in  2002,  a  drop  of  17  percent.  Further  statistics  are  given  in  F5ID  Navs,  M  agazineof  the 
Foundation  for  theStudy  of  I  nfant  D  eaths.  Spring  2004,  page6.  See  also  www.sidsorg.uk/fsid/index.shtml 
(site  accessed  9  December  2003). 
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Unfortunately  I  think  public  opinion  often  runs  ahead  of  the  science,  as  it  has 
with  sudden  infant  death.  I  believe  it  did  after  H  atfield  too/^The  ban  on  high- 
speed rail  travel  drove  many  more  people  back  to  the  roads,  and  I  am  sure  when 
thefiguresend  up  being  analysed,  we  will  see  more  people  died  as  a  consequence 
of  that  change.  So  leaping  before  you  know  is  a  dangerous  thing  to  do,  yet  as  a 
politician  you  have  to  leap!  Yes,  I  think  the  point  about  the  importance  of  the 
politics  is  absolutely  central. 

Woods:  I  think  we  have  to  be  careful  in  relation  to  methodology  We  have 
excellent  chemical  methodology  and  again  speakers  have  alluded  to  thefact  that 
we  can  both  identify  chemicals  and  detect  very  very  small  amounts  of  them  in 
various  parts  of  the  environment,  including  the  human  body  0  ne  of  our  great 
problems  is  that  there  has  been  no  parallel  between  the  development  of  chemical 
technology  and  analytical  technology  and  the  development  of  what  are  now 
called  biomarkers  of  damage.  Those  two  have  not  developed  hand  in  hand. 
Therefore  we  are  at  the  moment  somewhat  handicapped  in  linking  up  the 
presenceof  chemicals,  the  mechanism  through  which  those  chemicals  may  cause 
damage,  and  evidence  that  damage  has  occurred  in  whatever  population,  be  it 
plant,  animal  or  human. 

Dayan:  Could  wejust  go  a  little  bit  further  on  that  point? You  can  talk  of  analysis 
in  terms  of  the  ability  to  detect  specific  chemicals,  which  clearly  has  been 
absolutely  vital,  but  it's  only  one  very  small  factor  in  a  picture.  If  you  takeamore 
analytical  biological  or  ecological  view  you  are  likely  to  be  more  interested  in 
populations,  numbers,  general  health,  reproductive  health,  turnover  and  so  on.  I 
am  not  an  ecologist,  and  I  wonder  how  well  developed  historically,  for  example, 
were  ecological  surveillance  methodsthat  could  have  been  applied  rationally  way 
back  in  the  1960s  or  1970s  had  the  need  for  them  been  realized. 

Lovelock:  I  think  we  suffered  an  unfortunate  accident  during  the  course  of  the 
twentieth  century,  and  that  was  when  ecology  became  dominated  by  a  passionate 


On  17 October  2000  four  people  were  killed  and  about  70  were  injured  when  a  GNER  (Greater 
North  Eastern  Railway)  train  from  King's  Cross  was  derailed  at  Hatfield,  about  16  miles  north  of 
London  [M  arston  eta/.  (2000)].  A  cracked  and  poorly  maintained  rail  was  subsequently  discovered  to 
be  the  cause,  and  many  rail  services  were  suspended  or  reduced  for  sa/eral  months  while  the  rail  network 
was  tested.  N  o  public  enquiry  was  held  into  the  crash,  but  12  former  employees  of  N  etwork  Rail  and 
Railtrack,  the  companies  responsible  for  track  maintenance,  were  charged  with  manslaughter  and 
offences  under  the  Health  and  Safety  legislation  in  July  2003.  The  companies  themselves  were  also 
charged  with  corporate  manslaughter. 
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interest  in  neo-Darwinism."' Altinougin  a  most  useful  and  valuable  development 
of  science,  this  caused  biologistsalmost  wholly  to  ignore  the  environment.  It  was 
a  very  theoretical  topic,  and  all  models  made  of  populations  of  organisms  were 
not  transferable  to  the  real  world,  and  the  tendency  inclined  to  mal<e  the  real 
world  less  interesting  than  models.  This  persisted  right  the  way  up  to  the  1990s 
and  consequently  we  may  have  suffered  a  grievous  loss  of  interest  by  competent 
biologists  in  thevery  questions  that  you  have  just  raised. 

Dayan:  That  would  distract  US  into  another  theme  of  quantification  and  biology 
but  perhaps  we  had  better  not  follow  that  black  hole  at  the  moment. 

Professor  Peter  Farmer:  I  certainly  agree  with  the  comments  of  Professor 
Woods  earlier,  that  the  analytical  technology  has  advanced  far  faster  than  our 
ability  to  detect  biological  effects  resulting  from  the  exposure,  and  I  do  agree  that 
we  have  to  understand  the  mechanisms  and  the  scientific  methods  much  better 
to  be  able  to  assess  risks  in  these  exposures,  but  I  think  there'sa  slight  danger  here 
that  in  a  way  the  industrial  analytical  companies  are  pushing  us  forward  faster 
than  we  are  ready  to  go.  Detection  of  a  low  amount  of  material  does  not 
necessarily  mean  that  there's  a  risk  associated  with  it,  and  I  am  afraid  the  public 
opinion  is  that  if  you  can  find  it,  there  must  be  something  nasty  going  on.  So  I 
do  think  we  have  to  watch  how  we  approach  this  problem,  in  getting  down  to 
measuring  below  femtograms,  attograms,  zeptogramsof  material,^"  less  than  one 
molecule  per  hundred  cells  of  some  toxic  chemicals.  We  really  have  to  think, 
'What  does  it  mean?Just  because  we  can  measure  it,  is  it  biologically  significant 
or  not?' 

Dayan:  In  a  sense  that  introduces  an  entirely  new  dimension  into  the  broadest 
aspect  of  the  development  of  chemicals  in  industrial  use,  let  alone  their  release 
from  natural  sources.  If  you  try  to  think  back  into  the  1960s  or  the  1970s  and 


Neo-Darwinism  represents  a  synthesis  of  Charles  Darwin's  theory  of  evolution  by  natural  selection 
and  Gregor  Mendel's  genetic  theory  of  inheritance  [see  Huxley  (1942)].  It  postulates  that  natural 
selection  acts  on  the  heritable  genetic  variations  within  individuals  in  populations,  and  the  mutations 
provide  the  main  source  of  these  geneticvariations[seeDawkins(1986);  Dennett  (1995)].  Because  the 
genetic  mutations  seem  to  be  rare,  neo-Darwinism  contends  that  evolution  will  be  a  slow,  gradual 
process,  and  this  has  led  to  conflict  with  the  'punctuated  equilibrium'  model  of  evolution  proposed  in 
1972  by  Niles  Eldridge  and  Stephen  Jay  Gould  [Eldridge  and  Gould  (1972)]  which  argues  that 
evolutionary  change  happens  quickly  and  in  short  bursts 

^°  A  femtogram  is  10"^^  g,  attogram  lO'^^g,  and  zeptogram  10"^^  g.  See  also  note  14. 
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concepts  I  ike  the  dose- response  curve^^  based  on  effects  in  Inuman  beings,  or  in 
otiner  animals,  we  knew  a  certain  annount,  we  knew  ways  of  studying  it  of 
greater  or  lesser  utility,  but  we  had  a  concept,  we  had  a  philosophy  of  how  to 
investigate  such  matters.  Until  books  like  Rachel  Carson's,  until  examples  of 
problems  occurring  in  the  areas  that  could  be  very  directly  related  to 
environmental  contamination,  until  we  had  those  examples,  it's  my  impression 
that  we  didn't  realize  that  there  could  even  be  problems  on  the  scale  that  we  are 
talking  about.  Now,  was  it  only  because  the  chemist  could  find  organochloride 
residues  all  over  the  place,  or  were  there  other  changes  in  the  bases  of  the 
sciences  that  led  us  to  realize  what  was  going  on? The  fact  was  that  we  needed 
to  study  things  more  widely 

Professor  Robert  Smith:  This  is  an  opportunity  to  wander  down  memory  lane 
My  memories  of  thisgo  back  to  1959-60,  when  my  mentor  at  the  time  [Professor 
Richard  Williams]  had  just  published  what  became  a  classic  text  in  toxicology 
called  Ddt:oxication  Mec/ian/ams"  This  actually  received  very  poor  reviews  at  the 
time,  and  there  was  one  particular  review,  published  in  the  Lancet,"  which  said, 
'Why  would  anyone  have  an  interest  in  the  fate  of  benzene?' That  showed  you  the 
type  of  attitude,  I  think,  that  existed  at  the  time,  and  I  clearly  remember  someone 
in  the  office  came  to  my  desk  and  placed  a  copy  of  Rachel  Carson's  book  upon 
my  desk,  and  said,  'Bob,  you  should  read  this,  this  is  important,  because  people 
will  now  beinterested  in  thefateof  chemicals  in  the  environment,'  which  I  think 
was  quite  a  prescient  thing  to  have  said  at  the  time  of  the  attitudes  towards 
toxicology  C  learly  that  was  a  very  embryonic  sign  at  the  time. 

But  I  do  want  to  pick  on  one  point,  which  was  very  nicely  encapsulated  by  one 
of  the  earlier  speakers,  when  he  talked  about  numbers  giving  a  spurious 
significance.  I  think  that  clearly  Rachel  Carson's  book  has  had  a  tremendous 
effect,  a  positive  effect  in  general,  but  it  has  had  a  down  side,  particularly  when 


^^  D  ose- response  curves  are  generated  experimentally  by  exposing  animals  or  tissue  samples  to  varying 
concentrations  of  a  substance  and  measuring  its  effect,  or  by  examining  effects  in  humans  This 
information  can  then  be  used  to  assess  the  pharmacological  or  toxicological  impact  of  the  substance 
Some  workers  have  claimed  that  such  curves  can  be  extrapolated  to  very  low  doses,  implying  that  even 
at  microlevels  a  toxicant  retains  its  environmental  effect.  Others  argue  that  each  substance  possesses  a 
dose  threshold  (below  which  it  is  completely  inactive)  and  therefore  may  be  present  in  the  environment 
at  low  levels  without  any  adverse  effect.  See  M  oriarty  (1988). 

''Williams  (1959). 

"Thera/iew  of  the  publication  in  the /.ancet  (1960)  i:  684,  gives  no  reference  to  benzene  DrChristie 
has  been  unable  to  find  this  quote  and  Professor  Robert  Smith  has  not  responded  to  a  request  for  details 
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her  implications  have  been  associated  with  our  ability  to  measure  and  detect 
chemicals,  and  I  think  westill  suffer  the  consequences  of  that  now,  40yearslater. 
It  led  to  concepts  such  as  vanishing  zero  and  zero  tolerance,^''  and  I  couldn't  agree 
with  you  more  about  the  damaging  prospects  of  the  precautionary  principle  we 
are  having  to  live  with  now. 

Westill  have  to  live  with  this  problem  of  being  able  to  detect  these  chemicals  at 
minute  levels  but  not  place  them  into  any  sort  of  adequate  risk- benefit  analysis. 
My  one  hope  about  this  is  that  this  is  now  being  counter-balanced  by  what  I 
would  call  the 'biological  toxicology'  that  has  emerged  in  recent  years,  such  as  the 
BSE  controversy  and  Escherichia  coii.^^  I  think  these  toxic  effects  attributable  to 
infections  are  now  putting  toxicology-  I  emphasize  chemical  toxicology-  into  a 
proper  perspective.  But  my  main  concern  now  is  the  way  in  which  zero  tolerance 
and  the  precautionary  principle  really  has  emerged  in  this  whole  debate,  and  I 
think  it  has  been  very  damaging  for  the  entire  question  of  chemical  technology 

Johnson:  Following  on  from  that  last  point  and  again  an  anecdotal  perspective: 
I  can  very  much  remember  in  1974-75  negotiating  through  the  European 
Commission  and  then  through  the  Council,  the  first  EU  directives  on  water 
quality^^  I  think  it  makes  the  point  that  these  were  very  mechanistical-type 
directives,  they  had  60  or  70  parameters  and  with  lots  of  numbers  in  them.  Of 
course,  the  politicians  were  extremely  thrilled  to  be  able  to  agree  to  numbers, 
because  when  it  cameto  theCouncil  it  looked  hard,  it  looked  forceful,  and  they 
were  able  to  say  'We  have  got  a  clear  numerical  EU  standard'.  But  if  I  go  back 
to  theWorking  Groups,  on  which,  of  course,  governments  were  represented  and 
usually  chaired  at  Commission  level  (although  at  Council  it  was  a  Council 
representative),  it  was  a  much  more  haphazard  exercise  altogether.  Just  picking 
up,  forexample,  the  valueof  nitrates  in  water:  you  know  we  went  round  thetable 
and  various  peoplesaid  it  should  belOO  ppm  [parts per  million],  1000  ppm,  and 
fi nally  the  difference  was  split." 


Dr  Robert  Flanagan  wrote:  The  concept  is  that  "if  it  can  be  measured  it  must  be  harmful".'  E-mail 
toDrDaphneC bristle,  29  March  2004.  SeeCarson  (1962):  165-7. 

^^  Seewww.fsisusda.gov/OPHS/ecolrisk/prelim.htm  (site  accessed  12  March  2004). 

^'  For  water  policy  in  the  European  Union  see,  for  example,  www.europa.eu.int/comm/ 
environment/ water/  (site accessed  11  December  2003). 

"  M  r  Stanley  Johnson  wrote:  'Council  Directive  of  16  June  1975,  "Quality  requirements  for  surface 
water  intended  for  the  abstraction  of  drinking  water",  specified  a  recommended  value  of  25  mg/l  and 
an  imperative  value  of  50  mg/l  for  the  presence  of  nitrates  in  water.'  Note  on  draft  transcript,  12 
December  2003. 
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This  may  seem  all  very  funny  and  of  course  in  those  days  why  did  you  have  a 
valueof  the  nitrate  at  all  in  water?  It  was  to  makethe  point  that  has  already  been 
made,  a  purely  health-related  value.  The  idea  was  that  you  avoided  the  blue-baby 
syndrome^^  and  so  on  and  so  forth,  but  we  paid  the  price,  I  think,  later  on.  If 
you  have  been  picking  up  the  papers  in  the  last  few  days  and  if  you  looked  at  the 
letters  in  T/ieT/mesortheTe/^rap/i  this  morning,"  you  will  see  that  farmers  all 
over  England  are  now  protesting  at  the  enormous  expense  that  is  going  to  be 
imposed  on  thefarming  industry  in  its  efforts  to  cometo  terms  with  the  revised 
nitrate  rules.  I  think  the  issuethat  we  have  to  ask  ourselves  is  how  many  of  these 
standards  were  adopted  because  the  numbers  were  there,  because  the 
measurements  were  there,  and  were  justified  in  health  or  ecological  terms?  It's 
rather  frightening  to  me  now  when  you  see  the  billions,  literally  billions  of 
pounds  [sterling]  that  were  involved  in  implementing  the  nitrates  directive, 
money  that  could  possibly  have  been  spent  somewhere  else.  It's  slightly  worrying 
to  methat  we  went  down  that  route  too  quickly  and  perhaps  too  light-heartedly 

While  I  havethefloor  I  wanted  to  pick  up  a  point  that  Professor  Lovelock  made. 
How  have  we  moved  on  from  seeing  the  definition  of  standards  purely  in  health 
terms,  to  seeing  them  also  in  a  wider  environmental  context?  H  e  did  mention 
thechlorofluorocarbon  (CFC)  and  ozone  issue,  and  I  think  it  is  a  brilliant  issue 
to  bring  to  the  floor  at  this  point,  because  of  course  once  you  started  defining 
standards  on  ozone  and  on  CFC  releases,  it  was  not  only  because  of  the  impact 
on  health,  it  was  for  much  wider  concerns  altogether.  If  we  are  talking 
environmental  toxicology  in  the  largest  sense,  the  overwhelming  argument  in 
front  of  the  world  is  what  arethevaluesfor  the  presence  of  green  house  gases  in 
the  atmosphere  that  we  are  going  to  be  ready  to  tolerate?  Is  it  twice  the  pre- 
industrial  level;  is  it  three  times  the  pre-industrial  level?Thoseof  course  are  not 
going  to  be  health- related  arguments;  they  are  going  to  be  arguments  in  the 
widest  ecological  context. 


^°  N  itrates  oxidize  haemoglobin  to  methaemoglobin  which  cannot  bind  with  oxygen,  so  the  overall 
oxygen-carrying  capacity  of  the  blood  is  reduced.  Infants  are  more  susceptible  than  adults  Blue-baby 
syndrome  is  the  name  given  to  nitrate  poisoning  in  neonates.  The  disease  can  be  caused  by  intake  of 
water  and  vegetables  high  in  nitrate,  or  exposure  to  chemicals  containing  nitrate  Groundwater  gets 
contaminated  by  leaching  of  nitrate  generated  from  fertilizer  used  on  agricultural  land,  and  waste 
dumps  in  rural  and  urban  areas  Further  details  are  provided  in  a  note  from  M  r  Stanley  Johnson  to  Dr 
Daphne  Christie,  12  December  2003. 

^'  12  M  arch  2002.  TheEU  directive  restricted  the  amount  of  manure  farmers  were  allowed  to  spread 
within  nitrate-vulnerable  zones.  At  least  10  000  farmers  were  forced  to  transport  millions  of  tonnes  of 
manure  across  many  miles.  See  U  hiig  (2002). 
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Lovelock:  One  reminiscence  that  has  bothered  nneall  through  nny  life's  worl<  in 
environmental  chemistry  isthepassionateinterest  of  the  public  in  anything  that 
might  be  a  carcinogen.  The  media  l<now  full  well  that  if  you  want  to  tell  a  good 
environmental  story  bring  out  its  carcinogenic  significance.  I  think  concern  over 
stratospheric  ozone  depletion  began  when  it  was  realized  that  malignant 
melanoma  might  be  connected  with  it.^°  So  I  ask,  is  the  public's  fear  and 
perception  of  cancer  doing  us  all  a  great  deal  of  harm?  And  shouldn't  more  be 
said  to  take  people's  minds  away  from  that  kind  of  feared  end-stage,  instead  of 
making  it  appear  to  be  of  major  public  importance? 

Berry:  I  think  this  is  really  a  very  important  point.  The  public  perception 
depends  entirely  on  where  the  public  is  led,  and  I  think  it  is  often  misled.  The 
example  I  think  you  know  I  always  take  is  soya  protein,  which  is  always  said  to 
be  terribly  good  for  you,  and  to  stop  you  getting  menopausal  symptoms.  This 
has  led  to  people  feeding  male  infants  soya  formulae,  rather  than  cow's  milk- 
based  formulae,  giving  them  levels  of  plasma  oestriol  that  are  13-20  000-times 
thenormal  values."  There's  a  very  good  study  from  Jean  Golding  in  Bristol^^that 
has  shown  that  vegetarian  mothers  produce  male  infants  with  a  very  high 
incidence  of  hypospadias.  This  is  an  entirely  predictable  scientific  effect,  yet  still 
soya  proteins  always  get  a  good  press,  though  genistein,"  one  of  the  principal 
phyto-oestrogens  in  them,  is  carcinogenic  in  Professor  Lovelock's  definition  - 
that  is,  DN  A-altering  in  appropriate  circumstances." 

That's  the  sort  of  thing  that  the  press  usually  calls  a  carcinogen,  though  that's  a 
naive  approach  to  the  subject,  but  nevertheless  that's  what  happens.  So  here  you 
havea  human  teratogen  and  almost  certainly  a  human  carcinogen  in  some  views. 
I  don't  belia/ethat  at  all,  but  you  know  it  could  be  presented  in  that  way  Yet  it  is 
something  that  every  'foodie'  presents  in  their  newspaper  pages  as  being  terribly 
good  for  you.  So  I  think  a  lot  of  public  opinion  is  led  by  a  non-science-based 
process,  and  I  do  think  that  that  can  be  damaging.  Look  at  the  sperm  count 
nonsense  and  the  changes  that  were  attributed  to  all  sorts  of  things.  Enormous 


'°  For  a  review  seeAmron  and  Moy  (1991).  See  also  Advisory  Group  on  the  JVledical  Aspects  of  Air 
Pollution  Episodes  (1991). 

''Setchelleta/.  (1997). 

''North  and  Golding  (2000). 

''  See  Kulling  et  al.  (1999);  D e  Lemos  (2001). 

'^''  Professor  Anthony  Dayan  wrote:  'Genistein  is  not  regarded  as  genotoxic  by  many'  Note  on  draft 
transcript,  28  November  2003. 
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efforts  were  made  in  the  scientific  comnnunity  to  devise  new  animal  tests  that 
might  or  might  not  have  a  predictive  value.  I  think  it  was  about  as  much  a  non- 
a/ent  as  nitrate  was  in  drinking  water,  and  again  costing  huge  sums  of  money. 

Dayan:  Professor  Carter,  you  have  been  at  the  hinge  of  carcinogenicity  debates 
for  many  years,  subjected  to  pressures  on  all  sides. 

Carter:  I  have  two  general  comments  to  make  at  this  stage.  As  people  have  said 
already  public  perceptions  of  problems  such  as  carcinogenicity  are  often 
manipulated  in  directionsthatareanything  but  soundly  based  science.  Secondly 
scientific  results  are  often  indifferently  presented  to  the  general  public. 
Furthermore,  there  is  understandable  confusion  when  the  public  hears 
apparently  familiar  words,  such  as  'hazard'  and  'risk',  being  used  in  specialized 
ways.  D  istinctions  between  'hazard'  and  'risk'  are  not  widely  appreciated  by  the 
general  public,  and  similar  difficulties  arise  with  other  words  and  concepts  that 
scientists  and  regulators  may  use. 

Professor  Robert  Maynard;  Chairman,  I  think  it's  important  that  scientists 
shouldn't  transfer  blame  directly  to  the  public  for  getting  things  wrong.  Scientists 
arelargely  to  blame  for  the  scares  that  spread  among  thepublic.  Weareall  aware 
of  publications  before  the  data  are  sol  id,  publicationsthat  have  been  madeto  try 
to  produce  the  next  grant  application.  Sir  Colin  Berry  drew  attention  to  this 
recently  in  a  publication,"  and  these  are  what  the  media  pick  up.  We  should 
know  by  now,  and  God  knows  we  have  had  enough  evidenceof  it,  that  the  media 
exists  to  find  things  to  entertain  and  amuse  and  worry  the  public.  Scientists  exist 
to  obtain  grants  to  continue  their  curious  activities.  Those  two  groups  will  feed 
off  each  other,  and  so  much  of  the  blame,  I  think,  for  scares  about 
carcinogenicity  problemsdoes  lie  with  part  of  thescientific  community  not  only 
with  the  media  or  the  public. 

Dayan:  M  ay  we  follow  that  a  bit  further,  because  I  think  it  raises  some  really  quite 
fascinating  general  issues?A  lotofthecarcinogenicity  debate  was  set  off  and  driven 
by  an  American  Congressman,  Thomas  Ddaney  The  famous  Delaney  Clause  in 
1958,'^  embodied  the  notion  that  anything  that  was  shown  to  be  carcinogenic,  by 


''  Berry  (2002). 

''  Professor  Anthony  Dayan  wrote:  'In  1958  Thomas  Delaney  proposed  and  the  US  Congress  accepted 
an  amendment  to  the  US  Food,  Drug  and  Cosmetic  Bill,  which  passed  into  US  law  in  1958.  It  broadly 
stated  that  any  chemical  found  to  be  carcinogenic  in  laboratory  animals  or  humans  should  not  be 
added  to  the  US  food  supply'  Note  on  draft  transcript,  28  November  2003.  See  also  page  25  and 
Tansey  and  Reynolds  (1997). 
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any  sort  of  experiment,  should  not  be  permitted  in  anything  that  the  U  S  public 
would  be  exposed  to  in  foods  and  other  materials  in  common  use.  An  enormous 
amount  of  money  was  then  devoted  to  investigating  the  causes  and  treatment  of 
cancer.  This  was  not  so  long  before  N  ixon's  war  against  cancer,"  which  was  all 
going  to  be  won  before  he  finished  his  second  term  in  office,  wasn't  it? 

There  was  a  huge  pressure  against  cancer  at  that  time  partly  perhaps  reflecting 
the  ability  of  the  medical  profession  to  diagnose  it  more  effectively  and  the 
beginnings  of  rational  and  moderately  effective  cancer  treatments.  Maybe  it's 
understandable  why  but  can  we  try  to  place  ourselves  in  a  different  position?  If 
one  were  starting  out  now  with  the  sort  of  problems  that  we  have  been  touching 
on,  but  without  today's  l<nowledge,  arethere  lessonsthat  wecan  draw  that  would 
show  us  how  to  learn,  how  to  appreciate?  It's  really  about  appreciating  the 
unl<nown,  allowing  for  the  unl<nown  in  future,  but  without,  as  you  very  rightly 
said,  being  scared.  The  precautionary  principle  is  a  marvellous  excuse  for  doing 
absolutely  nothing. 

Woods:  There  is  one  thing,  M  rChairman,  which  perhaps  we  could  do  if  we  were 
to  start  again.  I  am  using  that  very  dangerous  diagnostic  instrument,  the 
retrospectroscope,  which  is  only  used  at  maximum  magnification,  and  huge 
illumination.  This  question  concerns  decisions  made  by  those  who  advise 
legislators,  made  not  in  secret  but  certainly  in  closed  sessions.  If  I  had  my  time 
again,  I  would  lil<etoseemuch  moreopenness.  Some,  but  not  all  of  the  problems 
that  we  are  seeing  now  about  the  interpretation  of  science  and  the  way  in  which 
scienceispurveyed  to  the  public  in  relation  to  their  own  interests  and  in  their  own 
environment  and  lives  (I  thinl<  there  are  others  -  this  has  been  written  on  quite 
extensively)  derive  from  the  fact  that  some  of  the  discussions  were  held  behind 
closed  doors.  I  have  been  very  impressed  recently  in  various  ways  in  the 
Committee  on  Toxicity  that  I  have  been  chairing  until  very  recently  about  open 
discussion  of  these  matters.  I  suspect  that  if  there  had  been  more  open  discussion 
about  some  of  the  matters  that  affect  the  envi  ronment  then  some  of  the  concerns 
and  worries,  certainly  in  the  public  perception,  would  not  be  there 

Maynard:  The  point  about  openness,  M  r  Chairman,  is  a  very  good  one  and 
Professor  Woods  is  right  to  raise  it.  0  pen  discussion  is  a  laudable  aim,  but  the 
way  in  which  government  is  conducted  is  limited  by  staff  resources  and  the 
amount  of  money  that  the  public  is  prepared  to  have  the  government  spend  on 


"  Professor  Anthony  Dayan  added:  'In  1971  President  Richard  N  ixon  initiated  a  "War  on  Cancer"  and 
greatly  increased  funding  for  research  and  treatment.'  N  ote  on  draft  transcript,  28  N  ovember  2003. 
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its  behalf.  It's  difficult  to  reach  sensible  decisions  at  the  best  of  times  when  the 
data  are  limited,  the  interpretation  isa  bit  varied,  and  the  number  of  experts  that 
you  can  call  upon  for  an  independent  opinion  issmall.To  try  to  reach  a  sensible 
decision,  and  to  sustain  that  decision  in  front  of  hostile  criticism  -  and  some  of 
it  was  deliberately  hostile  -  would  simply  mal<e  the  decision-making  process 
more  difficult.  Now  I  have  taken  an  extreme  view  there,  aspeoplewill  recognize, 
but  it  is  designed  to  prompt  discussion. 

Carter:  Just  to  pick  up  one  point.  Chairman,  about  chronology  Silent  Spring 
was  published  in  1962.  The  Delaney  amendment,  I  think,  was  promulgated  in 
1958.'**  Work  on  genotoxic  and  nongenotoxic  mechanisms  in  carcinogenesis 
began  in  the  late  1960s  and  developed  rapidly  thereafter. ^^  I  think  these  dates 
help  to  place  Rachel  Carson's  book  in  a  historical  and  also  a  scientific  context. 

Dayan:  Perhaps  partly  because  the  concept  of  carcinogenesis,  the  mechanisms 
and  the  ability  to  test  for  the  potential  of  carcinogenicity  of  something  in  certain 
ways,  these  came  together  in  a  practicable  way  at  about  that  sort  of  time  and  it 
became  feasible.^"  For  reproductive  toxicity  on  the  other  hand,  there  were  either 
some  relatively  very  simple  things  like  teratogenicity  testing  -  forgive  me. 
Professor  Berry  but  it  is  relatively  simple-  whereas  the  complexities  of  the  full 
reproductive  process  and  the  influences  on  it  were  (and  still  are)  really  much  less 
well  understood.  Certainly  in  terms  of  devising  regimes  for  studying  the 
propensity  of  compounds  to  have  relevant  effects,  that  would  be  and  is,  I  think, 
far  more  difficult. 

Carter:  As  far  as  carcinogenic  mechanisms  are  concerned,  genotoxic  effects 
can  now  be  predicted  and  demonstrated  with  a  reasonable  degree  of  accuracy" 
But  there  is  an  uncomfortable  disparity  here  with  our  poor  understanding  of 
many  nongenotoxic  processes.  The  latter  are  likely  to  predominate  when  it 
comes  to  thinking  of  carcinogenic  contributions  from  the  environment  for 
human  populations. 

'°  See  note  66. 

''  Professor  Richard  Carter  wrote:  'See,  for  example,  M  onographson  theEvaluation  of  Carcinogenic  Ri^s 
to  Humans,  an  ongoing  series  published  by  the  International  Agency  for  Research  in  Cancer  (lARC), 
1972-,  Lyon,  vols  1-80.  The  results  of  short-term  mutagenicity  tests  were  routinely  included  in  these 
monographs  after  1974.'  N  ote  on  draft  transcript,  1  D  ecember  2003. 

™  Professor  Anthony  D  ayan  wrote:  A  great  advance  was  theformal  acceptance  of  genetic  toxicity  testing 
in  the  early  1980s  as  a  valid  indicatorof  the  carcinogenic  risk  of  chemicals.'  Note  on  draft  transcript,  28 
N  ovember  2003.  SeeAshbyeta/.  (1988). 


71 
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Smith:  I  think  we  should  complete  the  sequence  of  a/ents,  which  began  with 
Rachel  Carson's  book  and  then  theDdaneyamendment,  and  then  cametheNTP 
[National  Toxicology  Program]  for  the  evaluation  of  chemical  carcinogenicity," 
which  hasdonefar  more  harm  than  good  in  my  opinion. Thisisreallyarole,  not 
of  science,  butof  biopolitics,  wherethe  mission  isto  discover  carcinogensthrough 
a  very  extreme  process  of  testing.  There  is  a  mission  to  uncover  carcinogens, 
because  it  rdatestothefutureof  thefunding  process,  and  many  are  left  years  later 
trying  to  deal  with  the  consequences  of  looking  at  the  results  of  these  test 
programmes,  where  chemicals  are  bang  tested  under  very  unreal  conditions, 
which  have  little  or  no  rdationship  to  the  actual  conditions  of  use. 

Berry:  Wemight  go  back  to  thepointmadeearlier  about  animal  use.  I  think  these 
programmes  have  materially  affected  people's  attitudes  to  the  use  of  animals  in 
research,  because  many  of  them  are  quite  clearly  nonsensical  studies,  as  you  have 
said.  That's  a  misuse  of  animals'.  A  lot  of  ecological  studies  require  the  use  of 
animals  in  a  very  obvious  way  because  you  are  looking  at  the  whole  biological 
system.  I  think  carcinogenidty  studies,  perhaps  in  the  doses  that  have  been  used 
particularly  in  the  NTP,  are  the  least  informative,  in  terms  of  science,  and  the 
most  damaging,  in  terms  of  the  misuse  of  animals."  I  don't  bdieve  we  are  going 
to  be  able  to  devise  systems  that  won't  depend  on  animals  in  some  part,  and  I  do 
bdiB/ewehaveto  be  much  more  cautious  about  how  they  are  used.  I  agree  that 
the  NTP  was  a  very  bad  example  of  use  of  animals. 

Dayan:  In  terms  of  predicting  genotoxic  potential  in  thefidd  of  carcinogenesis, 
we  rightly  associate  the  name  of  Professor  Bruce  Ames  with  asuiteof  very  good 
test  methods  for  certain  purposes.'''  Professor  Ames  has  probably  spent  as  much 
timeand  certainly  as  much  personal  effort  as  anyone  on  discussing  the  problems 
of  naturally  occurring  carcinogens,  but  we  never  ever  talk  about  it,  we  never  hear 


"The  National  Toxicology  Program  (NTP)  was  establi  shied  in  1978  by  the  US  Department  of  Health 
and  H  uman  Services(DH  H  S)  to  coordinate  toxicological  testing  programmeswithin  the  Department, 
to  strengthen  the  science  base  in  toxicology;  to  develop  and  validate  improved  testing  methods;  and  to 
provide  information  about  potentially  toxic  chemicals  to  health  regulatory  and  research  agencies,  the 
scientific  and  medical  communities,  and  the  public.  Its  headquarters  are  at  the  National  Institutes  of 
Health's  National  Institute  of  Environmental  Health  Sciences  (N I  EH  S)  located  in  Research  Triangle 
Park,  North  Carolina. 

"  See,  for  example,  Sharpe  (1988):  104-5. 

'"  Professor  Anthony  Dayan  added:  'Professor  Ames  developed  simple  and  reliable  methods  for 
detecting  many  types  of  genotoxic  activity  of  chemicals  in  the  bacterium  Salmonella  typhimuhum.' 
Note  on  draft  transcript,  28  N  ovember  2003.  SeeAmeseta/.  (1973);  Ashby^a/.  (1988). 
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about  them.  Why  not?  Are  we  not  as  worried  by  selenium  as  we  are  by  sulphur 
something-or-the-other  from  the  chemical  world?  We  have  a  very  warped 
outlook.  Still,  we  don't  want  to  go  too  far  down  that  road. 

May  I  raiseanother  issue?  Many  of  us  have  had  contact  with  industry  in  one-way 
or  the  other.  In  the  area  that  we  are  discussing,  one  could  lool<at  industry  in  two 
different  ways;  one  is  to  say  that  industry  will  do  whatever  it  has  to  do  in  order 
to  get  its  products  used,  and  where  appropriate,  registered,  so  it  will  follow 
requirements  rather  than  setting  them.  I  think  that's  rather  a  disparaging  view  of 
the  better  scientific  companies,  and  in  many  instances  they  have  led  the  research 
that  has  shown  theway  certainly  to  the  delineation  of  genuine  hazards  and  of  the 
means  to  predict  them.  In  this  context  of  environmental  toxicology  where  has 
industry  been,  what  have  they  been  doing?  H  avethey  simply  followed? 

Lovelock:  You  anticipated  me  on  this  one.  I  had  the  good  fortune  in,  I  think  it 
was  1963,  to  betaken  on  as  an  adviser  to  Lord  Rothschild  when  he  was  science 
coordinator  for  Shell."  In  addition,  this  was  just  after  Rachel  Carson's  book  had 
appeared.  He  was  furious  with  her  for  what  bethought  was  overstating  the  case, 
but  it  was  significant  that  Shell  chemists  were  among  the  very  first  to  start 
measuring  pesticides  in  all  sorts  of  things,  even  before  Rachel  Carson's  book 
appeared.  I  think  it  was  not  long  afterwards  that  industry  responded  by  taking 
dieldrin  and  aldrin  out  of  production  beforethey  were  actually  banned."  I  think 
industry  often  gets  a  very  bad  name-  it  just  happens  to  suit  the  way  the  politics 
or  the  media  or  whatever,  I  don't  know  who's  to  blame,  but  it  always  happens 
that  way  The  same  happened  with  the  CFC  affair."  The  response  of  industry 


"  ProfessorJamesLovdock  wrote  'Lord  Rothschild  called  me  to  hisofficein  the  Shell  Centre,  London, 
in  J  uly  1963.  H  esaid  that  he  had  just  heard  that  I  had  given  up  paid  employment  and  intended  to  practise 
science  independently.  He  then  offered  me  a  retainer  of  £1500  a  year  to  think  in  my  spare  time  about  the 
science  problems  confronting  Shell.  I  accepted  his  offer  with  gratitude,  for  it  enabled  me  to  break  all  my 
ties  and  start  doing  science  from  my  home  laboratory'  Letter  to  Dr  DaphneChristie,  9  December  2003. 

"^  From  the  1950s  until  1970,  aldrin  and  dieldrin  were  widely  used  as  pesticides  to  protect  crops  like 
corn  and  cotton.  The  EPA  banned  all  their  uses  in  1974,  except  for  the  control  of  termites  and,  in 
1987,  they  were  banned  completely  See  also  note  13. 

"  Professor]  ames  Lovelock  wrote:  'It  was  discovered  in  1973  by  Sherwood  Rowlands  and  M  ario  M  olina 
that  the  stratospheric  ozone  layer  was  in  danger  of  depletion  from  the  presence  of  chlorine-containing 
organic  compounds  such  as  the  CFCs  and  industrial  solvents  such  as  methyl  chloroform.  Soon 
afterwards  political  activists  used  this  information  as  a  weapon  to  attack  the  chemical  industry  and  long 
beforethetrueextentof  the  danger  was  scientifically  established  newspaper  headlines  carried  statements 
such  as,  "Spray  cans  will  destroy  all  life  on  Earth".  These  wild  exaggerations  were  almost  na/er  properly 
challenged  by  scientists  or  by  industry  representatives.'  Letter  to  D  r  D  aphneC  hristie,  9  D  ecember  2003. 
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there  I  think  was  magnificent.  They  accepted  that  there  was  a  danger  and  set 
about  preparing  alternatives  that  would  not  be  so  risky.  I  don't  think  that  the 
Montreal  protocoT^  would  ever  have  been  agreed  had  not  industry  been  so 
supportive,  but  they  are  always  portrayed  as  the  bad  men,  the  wicked  ones. 

Hunter:  Can  I  pleasejust  add  a  comment  in  there?  The  aerosol  manufacturers 
in  this  country  couldn't  believe  it,  they  thought  all  their  birthdays  had  come  at 
once  when  they  had  to  substitute  butane  for  CFCs,  something  that  they  never 
thoughtthey  were  allowed  to  put  in  a  domestic  product,  and  their  bank  balances 
were  assured  for  the  next  20  years.'*' 

Johnson:  Just  on  the  CFC  point.  I  don't  think  one  should  overestimate  the 
altruism  of  industry  I  do  remember  there  was  a  very  very  active  industrial  lobby 
in  themid-1970s,  against  the  findings  that  seemed  to  becoming  out  of  the  USA 
on  the  CFC  issue.  The  USA  regulated  their  use  of  CFCs  long  before  the  EU 
did,™  and  certainly  companies  like  IC I  were  very  reluctant  to  move  down  that 
route.  I  would  say  that  it  was  probably  only  when,  I  think  it  was  in  1983,  Joe 
Farman  of  the  British  Antarctic  Survey  [BAS]  incontrovertibly  spotted  the  ozone 
hol^°  and  so  on  that  U  K  industry  or  European  industry  really  came  into  line 
wholeheartedly;  that's  my  impression  on  the  CFC  issue. 


'"  Professorjames  Lovelock  wrote:  'In  1987  representatives  from  over  100  nations  met  in  Montreal  to 
sign  a  protocol  banning  the  manufacture  and  emission  of  the  chlorofluorocarbons  (CFCs)  so  as  to 
prevent  the  further  erosion  of  the  stratospheric  ozone  layer  due  to  their  presence  in  the  atmosphere.' 
Letter  to  D  r  D  aphne  C  hristie,  9  D  ecember  2003. 

™'  Dr  Robert  Flanagan  wrote  'Butane  is  purified  liquefied  petroleum  gas  consisting  of  propane, 
isobutane  and  butane  It  is  available  cheaply  in  large  quantity  but  is  flammable  hence  prior  to  the 
requirement  to  find  a  cheap  non-CFC  aerosol  propellant  had  not  been  considered  safe  for  this 
application.  There  have  been  fires  attributed  to  domestic  use  of  butane-containing  aerosols  [see,  for 
example,  Marc  eta/.  (2001)].'  E-mail  to  Dr  DaphneC  hristie,  29  March  2004. 

"Toxic  Substances  Control  Act,  1976. 

"°  M  r  Stanley  Johnson  wrote:  'H  aving  gained  his  degree  from  the  University  of  Cambridge,  Joseph 
Farman  was  appointed  as  a  scientific  officer  to  the  Falkland  Islands  Dependencies  Survey  -  the 
forerunner  of  the  British  Antarctic  Surve/  (BAS).  After  two  winters  he  returned  to  the  U  K  and  became 
H  ead  of  the  G  eophysics  Section  of  BAS  and  a  senior  research  fellow  with  the  U  niversity  of  Edinburgh, 
to  which  the  Section  was  affiliated.  M  oving  back  to  Cambridge  in  1976  to  the  newly  built  BAS 
headquarters,  J  oseph  Farman  held  a  variety  of  job  titles  from  H  ead  of  the  Stratosphere  Section  to  H  ead 
of  Chemistry  Radiation  and  Dynamics  It  was  he  who  provided  the  critical  link  between  ozone  and 
chlorofluorocarbons  (CFCs)  in  the  now  famous  Nature  paper  of  1985  [Farman  Aal.  (1985)].'  Note  on 
draft  transcript,  12  December  2003. 
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Corcoran:  In  addition  to  legislation  on  pesticides  there  is  also  extensive 
legislation  on  new  and  existing  industrial  chemicals  brought  on  to  the  European 
market.^^  Extensive  testing  is  required  both  for  mammalian  toxicology  and  for 
ecotoxicology,  but  one  must  always  remember  the  economic  dimension.  It  costs 
money  to  do  tests  and  to  assess  them  and  you  have  to  mal<e  a  balance  between 
the  lil<ely  benefit  of  the  product,  the  likely  risks,  and  the  costs  of  the  whole 
assessment  process  both  to  industry  and  government.  In  1999  the  UK 
government  published  a  strategy  statement  on  chemicals,  which  proposed  a  duty 
of  care  for  the  chemical  industry^^  This  could  be  summed  up  as  saying  that 
manufacturers  shouldn't  simply  wait  until  a  test  is  demanded  by  regulators,  but 
when  they  produce  a  product  they  should  take  responsibility  for  thinking  of 
what  its  effects  may  be  both  to  human  health  and  theenvironment.  They  should 
carry  out  the  necessary  testing  and  make  their  own  judgement  about  how  the 
product  should  be  marketed,  or  if  it  should  be  marketed  at  all. 

But  we  have  been  talking  largely  about  Western  industry  Remember  what 
happened  with  the  organochlorine  pesticides.  Some  were  banned  in  developed 
countries  many  years  ago,*^  but  DDT  and  other  organophosphate  pesticides 
continued  to  be  manufactured  in  large  quantities  in  the  developing  world  (in 
India  and  China,  for  example)  because  the  process  is  well  understood,  the 
materials  are  quite  cheap  and  easy  to  manufacture,  are  usually  off-patent,  and, 
being  persistent  also  makes  them  very  effective  in  some  ways.  Persistence  in  a 
chemical  does  have  its  downside  in  terms  of  environmental  risks,  but  it  can  also 
make  it  more  effective.  For  these  reasons,  DDT  and  other  persistent  chemicals 
continue  to  be  manufactured  in  the  developing  world. 

Dayan:  Peter,  you  have  brought  out  a  point  indirectly:  you  referred  to  the 
European  Commission  system  for  notification  of  chemicals  and  the  need  to 
follow  particular  regimes  of  study,  of  protocols  for  mammalian  testing, 
environmental  testing,  and  the  physical  hazards  as  well.  What  led  to  the  selection 
of  the  particular  types  of  experimentation  if  you  know  it?  Not  so  much  the 


°^  D  r  Peter  C orcoran  wrote:  The  relevant  EU  legislation  isDirective67/548/EEC  (sometimes  known 
as  the  sixth  amendment)  for  new  chemicals,  and  Regulation  793/93  for  existing  chemicals'  Letter  to 
Dr  Daphne  Christie,  24  November  2003.  See  www.europe.osha.eu.int/legislation/directives/  (site 
accessed  2  December  2003). 

"^  Department  of  the  Environment,  Transport  and  Regions  (1999). 

^^  See,  for  example,  note  76. 
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detail,  but  the  purposes  for  which  those  experiments  were  done?  Who  decided? 
Was  it  the  scientists,  the  politicians,  and  was  industry  involved? 

Corcoran:  The  test  protocols  and  testing  pacl<ages  were  decided  by  committees 
of  scientists  from  government,  the  public  sector,  industry  and  from  academia. 

Johnson:  As  far  as  the  toxicological  tests  were  concerned,  I  would  say  that  we 
did  rely  to  a  very  large  extent  on  the  worl<  that  came  out  of  the  OECD 
[Organization  for  Economic  Cooperation  and  Development]  and  this  was 
taken  over  into  the  EU  as  the  basis,  for  example,  of  the  1967  sixth 
amendment**"  which  dealt  with  thequestion  of  new  chemicals  coming  on  to  the 
marl<et.  H  ere  the  issue  of  course  was  to  try  to  agree  a  system  also  with  the  U  SA 
because  theUSA  had  theirToSCA'^  regulation,  which  was  somewhat  different  in 
concept  to  the  system  the  EU  was  putting  into  place.  One  of  the  intriguing 
things  now,  of  course,  and  I  think  this  seminar  is  very  timely  is  that  the  EU  has 
taken  upon  itself  to  reassess  the  toxicity,  including  environmental  toxicity,  of 
thousands  and  thousandsof  existing  chemicals,  chemicalsthat  are  already  on  the 
market,  which  have  not  so  far  been  evaluated.^^  Of  course  the  danger  from  this 
exercise  is  almost  incalculable  if  it  is  driven  by  the  zero-tolerance  philosophy 

Berry:  I  wasjustgoingto  say  in  responseto  Peter  Corcoran's  point  that  I  thinkthat 
many  of  the  tests  were  done  because  they  could  be  done.  There  was  a  desire  to 
measuresomething  about  theenvironment  and  herewas,  say,  something  you  could 
do  with  fish,  or  something  you  could  do  with  mites,  and  because  it  could  be  done, 
it  was  chosen  to  be  the  test  that  you  did,  much  as  mutagenicity  in  the  Ames  test 
was  chosen  at  that  time  because  it  was  suddenly  a  methodology  that  was  available.'' 
It  goes  back  to  your  point,  that  the  methodology  often  drives  these  testing 
programmes,  simply  because  if  there's  no  way  of  studying  it  you  can't  do  anything. 


See  note  81.  M  r  Stanley  Johnson  wrote:  'In  1979,  the  sixth  amending  directive  to  the  Council 
directive  of  1967  on  the  classification,  packaging  and  labelling  of  dangerous  substances  introduced 
compulsory  prior  notification  of  any  new  chemicals  placed  on  the  market.'  Note  on  draft  transcript, 
12  December  2003. 

"^  The  Toxic  Substances  Control  Act  (ToSCA)  of  1976  authorized  the  Environmental  Protection 
Agency  (EPA)  to  obtain  data  from  industry  on  health  and  environmental  effects  of  chemical  substances 
and  mixtures.  See  note  79. 

"'^  Draft  legislation  to  implement  the  Registration,  Evaluation  and  Authorization  of  Chemicals 
(REACH  )  Policy  of  theEuropean  Commission  Environmental  Directive.  Further  details  can  be  found 
at  www.chemicalspolicyorg/docu.euni.shtml  (site  accessed  3  M  arch  2004). 

°' Ames  eta/.  (1979). 
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Dayan:  I  wonder  historically  how  this  arose,  thetriall<yltins,  such  astributyltin 
[TBT],  are  very  powerful  compounds  for  certain  purposes.  They  were  widely 
used  at  onetime,  weren't  they  for  painting  the  bottoms  of  ships,  asantifouling 
agents?^^  Ultimately  the  realization  came  that  these  agents  were  leaching  into  the 
seawater,  and  having  unexpected  and  quite  disastrous  effects  on  various  forms  of 
marine  life.  H  ow  did  that  chain  of  evidence  accrue,  how  did  it  start? 

Corcoran:  I  think  I  l<now  the  answer  to  that  one.  It's  because  of  the  French 
concern  about  oysters.  The  French  take  their  oysters  very  seriously  so  when 
oysters  started  to  get  misshapen,  the  shells  started  to  thicken  and  they  became 
less  palatable,  the  French  started  to  look  for  reasons  and  they  quickly  lighted  on 
TBT  asthecause.  They  then  applied  pressure  on  other  EU  member  states,  who 
perhapsdidn't  take  their  oysters  quite  so  seriously  to  do  something  about  it.  So 
I  think  it  was  direct  observation,  backed  up  by  laboratory  experiments. 

Dayan:  A  nice  example,  in  the  negative  sense,  of  the  problems  of  releasing  a 
chemical  where  it  can  enter  the  environment  with  virtually  no  knowledge  of  its 
possible  environmental  consequences. 

Dr  Dennis  Simms:  Could  I  add  to  what  Peter  Corcoran  has  just  said?  It 
produced  the  largest  correspondence  that  we  in  our  division  [Toxic  Substances 
Division  in  the  Department  of  the  Environment]  ever  had.  The  boating  industry 
took  a  very  dim  view  of  any  attempt  to  deal  with  TBT  and  it  took  far  longer  than 
it  should  have  done  to  be  banned,  simply  because  of  the  weight  of  the 
correspondence  we  received.  It  scared  everybody  in  the  department. 

Dr  Robert  Flanagan:  It  is  interesting  in  view  of  previous  discussions  about  some 
perceived  problems  being  method  led,  becausetheunravellingof  theTBT  story 
was  entirely  observational.  We  could  not  measure  TBT  itself  at  the 
concentrations  attained  in  biological  systems  until  relatively  recently  and 
perhaps  one  reason  it  took  so  long  to  piece  the  story  together  was  because  there 
wasn't  the  analytical  methodology  there  to  help  provide  the  objective  evidence 
as  to  what  was  happening. 

Smith:Thisisaslight  change  of  direction.  Chairman,  and  it's  rather  a  mundane 
point  as  well,  but  we  are  talking  about  the  legacies  of  Rachel  Carson.  I  think  we 


Professor  Anthony  D  ayan  wrote:  To  pra/ent  the  growth  of  algae  and  small  Crustacea  that  adhered  to 
the  hulls  of  ships,  resulting  in  increased  resistance  to  movement  and  great  fuel  consumption  [see  Barnes 
and  Stoner  (1959)].'  N  ote  on  draft  transcript,  28  N  ovember  2003.  TBT  stops  the  growth  and  lowers 
the  fuel  consumption. 
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shouldn't  forget  the  enormous  impact  her  book  and  its  consequences  had  on  the 
educational  establishments,  because  numerous  degrees  and  M  Sc  programmes 
came  into  play.  In  its  heyday,  environmental  science,  in  particular  toxicology, 
had  theequivalent  of  the  impact  on  business  of  IT  at  the  present  time.  The  other 
thing  we  should  mention  is  that  in  many  ways  it  was  the  salvation  of  chemistry 
in  UK  universities.  Chemistry  departments  were  in  SB/ere  decline  through  lack 
of  students,  and  many  chemistry  departments  got  into  bed  with  environmental 
sciences,  and  this,  in  fact,  has  been  the  salvation  of  chemistry  I  think  we 
shouldn't  lose  sight  of  this  point,  M  r  Chairman,  the  important  impact  upon 
academiaand  its  effect  upon  thecontinuity  of  chemistry 

Dayan:  An  interesting  aspect,  yes.  We  are  going  to  cite  another  incident  in  the 
history  of  the  environment  and  toxicology,  which  in  some  textbooks  of 
toxicology  and  environmental  law  is  given  as  much  prominence  as  TBT  and 
oysters.  This  was  Seveso,^'  with  the  release  of  dioxins  over  a  large  area  and  its 
dramatic  consequences.'"  Now  there  had  been  dioxins  released  before  with 
effects,  and  subsequently,  though  perhaps  none  of  them  on  quite  that  scale. '^  But 
disregarding  for  the  moment  the  EEC  Seveso  directive,'^  because  that  came 
much  later,  for  all  sorts  of  reasons  and  not  all  of  them  creditable  either,  I  think. 
H  ow  important  was  Seveso  really  in  setting  off  another  aspect  of  understanding 
of  environmental  toxicology? 


"'The Seveso  accident  happened  in  1976  at  a  chemical  plant  manufacturing  pesticides  and  herbicides. 
A  dense  vapour  cloud  containing  tetrachlorodibenzoparadioxin  (TCDD,  commonly  known  asdioxin) 
was  released  from  a  reactor,  used  for  the  production  of  trichlorophenol,  Dioxin  is  a  poisonous  and 
carcinogenic  by-product  of  an  uncontrolled  exothermic  reaction.  Although  no  immediate  fatalities 
were  reported,  kilogram  quantities  of  the  substance  lethal  to  humans  even  in  microgram  doses 
were  widely  dispersed,  which  resulted  in  an  immediate  contamination  of  some  ten  square  miles 
of  land  and  vegetation.  M  ore  than  600  people  had  to  be  evacuated  from  their  homes  and  as  many 
as  2000  were  treated  for  dioxin  poisoning.  Further  details  can  be  found  at 
http://europa.eu. int/comm/environment/seveso/#2  (site accessed  23  July  2003).  See  also  Fuller  (1977). 

'°  Professor  Anthony  Dayan  wrote:  'There  has  since  been  continuing  uncertainty  about  the  possible 
effects  of  the  exposure  on  the  residents  with  claims  of  birth  defects,  mental  retardation  and  many  types 
of  cancer  in  people,  and  some  possible  effects  on  grazing  animals  there'  N  ote  on  draft  transcript,  28 
November  2003. 

'^  See,  for  example.  International  Agency  for  Research  on  Cancer  (lARC)  (1997).  See  also  M  cGregor 
eta/.  (1998). 

'^  Professor  Anthony  Dayan  wrote:  'An  EC  Directive  intended  to  control  the  safety  of  large  chemical 
plants  which  might  present  a  major  threat  to  publicsafety  if  there  were  an  accident;  Council  Directive 
82/501/EC.'  Note  on  draft  transcript,  28  November  2003. 
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Berry:  There  wasn't  much  understanding,  I  wouldn't  have  thought.  It  set  off  an 
epidemiological  study."  I  was  just  thinking  that  it  demonstrated  another 
methodological  point,  the  practical  point  that  there  was  suddenly  thought  to  be 
an  increase  in  human  malformations  there,  but  there  had  been  inadequate 
ascertainment  before  and  the  malformation  rate  hadn't  changed.  It's  interesting 
how  those  myths  live  on.  With  the  same  sort  of  issue,  with  regard  to  2,4,5-T  [2, 
4,  5-trichlorophenoxyacetic  acid]  in  Vietnam,  the  anti-Vietnam  war  feeling  in 
the  U  SA  spilled  over  into  the  Agent  0  range  issue.'"  I  tool<  part  in  the  2,4,5-T 
review  that  Robert  Kilpatricl<  chaired,'^  and  I  always  remember  his  saying  that 
the  only  way  you  could  die  from  the  effects  of  2,4,5-T  was  to  fall  into  a  barrel 
of  it  and  drown. '''  But  that  didn't  affect  the  important  fact  that  you  l<new  that  it 
wasn't  the  commercial -grade  2,4,5-T  that  was  being  used  in  Vietnam,  it  was  a 
higher-level,  dioxin-contaminated  compound.  You  can't  have  that  l<ind  of 
discussion  in  public.  I  thinl<  that  sincedioxins  have  become  a  bad  word  and  are 
going  to  stay  with  us  forever  in  the  public  mind,  I  don't  think  there's  a  dioxin 
desensitization  programme  that's  going  to  work. 

Johnson;  To  answer  your  question.  Chairman,  about  Seveso.  My  recollection  was 
that  the  accident  was  sometime  in  the  summer  of  1976,  and  I  remember  having 
to  go  to  M  Nan  about  three  days  after  the  accident.'^  I  think  at  that  stage  I  was 
responsiblein  theEuropean  Commission  for  that  side  of  activities,  and  whilewe 
were  there  we  tried  to  see  what  lessons  could  be  learnt  for  EU  environmental 
policy  at  that  time.  I  think  it  moved  the  EU  in  two  directions.  In  a  most 
immediate  sense  it  moved  it  in  the  direction  of  adopting  the  directive  on  major 
industrial  accidents,  accidents  coming  from  major  industrial  plants,  and  led  to 
an  interest  in  industrial  emissions  and  pollutantscomingout  of  chimney  stacks. 

So  that  was  one  major  thrust.  Later  on,  of  course,  we  can  seevarious  other  directives 
that  have  attempted  to  regulate emissionsfrom  industry  But  the  other  area,  and  this 
is  what  I  think  you  meant  when  you  referred  to  the  Seveso  directive,  is  that  people 


''See Fuller  (1977). 

"Goughdgse). 

'^ThomasM  .  (1997).  Seealsowww-green.cusu.cam.ac.uk/archive/a700y/pestidd.htm  (site  accessed  9 
December  2003). 

'^"Dr  Robert  Flanagan  wrote:  'Dr  Kilpatrick  was  talking  about  topical  exposure  to  the  diluted 
formulation.  The  commercial  concentrateand  even  the  diluted  formulation  can  kill  if  ingested.'  E-mail 
to  D  r  D  aphne  C  bristle,  29  M  arch  2004. 

''  See  note  89. 
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now  more  or  less  refer  to  the  Seveso  directive  as  being  the  EU  directive  on  the 
movementof  toxic  waste  around  the  Community.  This  was  spurred  on  by  concerns 
about  what  to  do  with  the,  I  thinl<,  40  barrdsof  toxic  waste,  thelegacy  of  the  clean 
up  at  ICM  ESA  [Industrie ChimicheMendionali  Societa  Azionaria]."  I  would  say 
that  you  are  right  because  this  did  shift  the  EU 's  environmental  policy  towards 
tal<ing  much  more  seriously  (a)  the  whole  question  of  toxic  waste  and  (b)  the 
general  question  of  thedisposal  of  waste,  and  I  think  we  are  seeing  this  today  with 
the  'fridge  mountain'  issue'^  If  you  want  to  lool<  at  these  milestones,  I  thinl<  you 
would  beabsolutely  right  to  say  that  within  the  EU,  Seveso  was  one  such  milestone 

There  were  a  couple  of  others,  by  the  way  There  was  a  tanker  spill  off  the  coast 
of  Brittany  the /Amoco  Cadiz  incident.'^  This  led  to  a  new  policy  dimension, 
which  was  the  extent  you  could  try  to  deal  with  pollution  resulting  from  oil  spills 
at  sea,  which  is  another  form  of  pollution,  like  contamination,  which  we  haven't 
talked  about  yet  today  but  is  worth  thinking  about.  The  other  major  milestone, 
was  Bhopal,  which  didn't  occur  within  the  EU  but  had  a  colossal  impact  on 
people's  thinking.  Here  was  a  US  company,  not  an  EU  company.  Union 
Carbide,  being  implicated  in  an  accident  which  led  to  the  death  of  maybe 
3-4000  people  with  a  number  of  longer-term  consequences.™  Yes,  I  think  you 
are  absolutely  right  that  these  discrete  events  have  had  aterrific  impact  in  making 
environmental  policy.  Whether  it  moves  in  the  right  direction  is  another  matter. 

Dayan;  Before  you  leave  that  point  -  I  am  sorry  I  don't  want  to  pick  on  you  but 
you  have  very  special  knowledge  in  that  area  -  why  is  it  that  those  events  that 
you  have  mentioned  have  had  such  a  dramatic  impact,  whereas  the  fact  that  the 

"  Seeeco-informa.ead.anl.gov/abstractE/110xF_Fortunati.pdf  (site  accessed  12  JVl  arch  2004).  Further 
details  are  provided  in  a  note  from  JVl  r  Stanley  Johnson  to  Dr  Daphne  Christie,  12  D  ecember  2003. 

'''TheUK  disposed  of  unwanted  fridges  by  sending  them  to  giant  metal  crushers  that  released  CFCs 
UndernewEU  regulations,  fridges  have  to  be  crushed  in  special  closed  units,  which  captured  the  CFCs 
in  liquid  form  so  that  they  could  then  be  burned  and  destroyed.  H  owever,  because  the  U  K  didn't  have 
any  of  the  new  recycling  plants  in  place,  thousands  of  fridges  piled  up,  hence  the  term  'fridge 
mountain'.  M  r  Stanley  Johnson  wrote:  'The  problem  arose  in  the  UK  with  the  entry  into  force  of  EU 
Council  Regulation  2037/2000  regarding  the  removal  of  ozone  depleting  ajbstances  (ODS)  prior  to 
disposal.'  Note  on  draft  transcript,  12  December  2003. 

''  M  r  Stanley  Johnson  wrote:  'The /Amoco  Cadiz  ran  aground  off  the  coast  of  Brittany  France,  on  16 
M  arch  1978,  spilling  68.7  million  gallons  of  oil.  It  is  currently  number  6  on  the  list  of  the  largest  oil 
spills  of  all  time.'  Note  on  draft  transcript,  12  December  2003. 

™  On  3  December  1984  methyl  isocyanategas  leaked  from  a  Union  Carbide  India  Limited  (UCIL) 
pesticide  plant  in  Bhopal,  India,  just  after  midnight.  Further  details  can  be  found  atwww.bhopal.com/ 
(site accessed  23  July  2003).  See Tansey  (1993). 


34 


Environmental  Toxicology 

Po  Valley  in  Italy  has  been  heavily  contaminated  with  pesticides  for  15  years  and 
nothing  was  done  except  to  allow  the  Italians  to  announce  on  the  international 
stage  what  they  were  going  to  do,  but  never  actually  got  round  to  doing?^°^The 
EC  was  well  aware  of  it,  because  it  had  been  passing  exemptions  from  its  own 
regulations  on  a  regular  basis  for  decades. 

Johnson;  I  am  not  quite  sure  I  remember  these  exemptions  for  the  Po  Valley  as 
such.  It  might  be  that  we  didn't  know  what  was  going  on,  which  is  perhaps 
another  matter. 

Dayan:  There  was  serious  abuse  of  atrazine,  paraquat  and  other  herbicides  by 
Italian  farmers.  The  drinl<ing  water  obtained  from  the  Po  river  water  contained 
many  such  substances. 

Johnson:  It  does  raise  another  whole  issue  altogether,  which  is  what  you  might 
call  the  implementation  issue,  and,  no,  we  don't  want  to  get  into  that  now,  but 
it's  a  jolly  important  issue.  We  can  have  any  amount  of  legislation,  but  the  next 
step  is  implementation. 

Woods:  There  is  one  other  aspect  of  Seveso,  and  that  isthat  a  prospective  study 
of  the  population  was  set  up  which  isstill  going  on. ^"^  One  of  the  problems  that 
advisory  committees  face,  as  you  may  well  know.  Chairman,  isthat  many  of  the 
data  with  which  we  are  presented  are  not  proper  prospective  studies,  they  are 
often  retrospective,  and  they  are  often  on  very  small  populations,  and  very  often 
rather  badly  done. 

I  wanted  to  pick  up  on  a  point  made  earlier  about  the  presentation  of  results.  I 
think  it  was  Bob  M  aynard  who  asked  what  use  is  made  of  those  results?^"  N  ot 
only  are  scientific  results  presented  indifferently  to  the  public  at  large,  they  are 
also  presented  without  criticism  of  the  quality  of  the  science  that  lay  behind  the 
writing  of  the  paper.  We  see  this  time  and  time  again.  Conclusions  in  the 
scientific  literature  that  are  used  by  various  organizations  -  pressure  groups, 
individuals-  to  pressa  particular  point,  when,  if  you  properly  analyse  the  nature 
of  that  evidence,  the  science  behind  it  isof  a  very  poor  quality. 


^°^  Professor  Anthony  Dayan  wrote:  'Very  heavy  use  of  pesticides  for  many  years  in  the  Po  Valley  resulted 
in  extensive  contamination  of  drinking  and  other  water  supplies  there.  In  the  1980s  the  Italian  government 
repeatedly  obtained  the  agreement  of  the  EC  to  supply  water  that  contained  pesticides  at  levels  exceeding 
the  limits  in  the  D  rinking  Water  D  irective  (1987).'  N  ote  on  draft  transcript,  28  N  ovember  2003. 

'"'Pesatori  eta/.  (2003). 
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Dayan:  Alar  was  a  very  good  example  of  that/""* 

Maynard;  Chairman,  may  I  return  to  the  point  that  Frank  Woods  has  just  drawn 
attention  to  again.  That's  the  need  for  the  very  careful  examination  of  the  evidence 
and  I  am  dubious  that  in  areas  that  have  attracted  a  high  public  profile,  you  can  get 
that  cold,  careful  examination  of  the  evidence  while  you  are  under  intense  public 
pressure.  There's  no  desire  to  conceal  here,  but  it's  the  difficulty  of  conducting  a 
discussion  when  alargepart  of  the  audience  have  already  reached  a  conclusion. 

Pat  Lawther,  who  was  invited  but  was  unable  to  be  here  today,  made  this  point 
some  time  ago  when  he  was  conducting  the  inquiry  into  the  toxic  effects  of 
environmental  lead  on  children."^  He  said  that  every  morning  as  he  wall<ed 
through  the  two  lines  of  protesters  he  had  babies  shal<en  in  hisface.  Hesaidthat 
it  was  so  difficult  to  face  the  possibility  of  reaching  a  decision  that  would 
obviously  be  unpalatable  to  the  majority  The  difficulty  that  all  expert 
committees  face  is  that  sometimes  you  may  have  to  sum  up  and  conclude  dead 
against  what  the  public  or  at  least  the  vociferous  part  of  the  public  hope  you  will 
conclude.  That's  really  difficult  to  do,  and  to  protect  advisers  from  abuse  is 
terribly  important,  otherwise  governments  will  not  beableto  attract  advisers  of 
sufficient  quality  What  we  will  attract  are  people  of  enormous  courage,  of 
course,  but  not  necessarily  enormous  ability;  the  two  don't  always  go  together. 

Dayan:  T  hat's  why  we  are  very  thanl<ful  to  have  people  of  your  stature  that  we 
can  shelter  behind. 

Hunter:  There's  one  other  major  environmental  toxic  accident  that  occurred 
when  mercury  got  into  seawater  in  Japan,  causing  M  inamata  disease. ^°^ 


Professor  Anthony  Dayan  wrote:  'Alar  is  a  hydrazine  derivative  used  in  the  cultivation  of  apples. 
Media  stories  that  it  was  an  animal  carcinogen  under  certain  circumstances  had  grave  effects  for  a  time 
on  the  sale  and  consumption  of  apples  in  the  early  1990s'  Note  on  draft  transcript,  28  N  ovember  2003. 

"^  D  epartment  of  H  ealth  and  Social  Security  Working  Party  on  Lead  in  the  Environment  (1980).  See 
also  Lansdown  and  Yule  (1986). 

""^  M  inamata  is  a  small  factory  town  dominated  by  the  Chisso  Corporation,  facing  the  Shiranui  Sea. 


The  Chisso  Corporation  started  as  a  fertilizer  and  carbide  company  later  producing  petrochemicals 
and  plastics  From  1932  to  1968,  it  dumped  an  estimated  27  tonnes  of  mercury  compounds  into 
M  inamata  Bay  Thousands  of  people  whose  normal  diet  included  fish  from  the  bay  unexpectedly 
developed  symptoms  of  methyl  mercury  poisoning.  The  illness  became  known  as  the  'M  inamata 
disease'.  See  H  arada  (1995).  Dr  Peter  H  unter  included  details  of  two  other  environmental  disasters: 
The  Bari  harbour  mustard  gas  disaster  in  1943  and  the  M  arket  Drayton  arsine  accident  of  1975. 
Copies  of  his  correspondence  will  be  deposited  with  the  records  of  the  meeting  in  Archives  and 
M  anuscripts,  Wellcome  Library  London. 
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Dayan;  Which  isan  interesting  example becausethejapanesegovernment  to  this 
day  has  never  really  admitted  full  responsibility  for  it. 

Carter:  The  difficulties  of  presenting  soundly- based  scientific  data  to  the  public 
are  compounded  by  the  tendency  of  the  media  to  give  equal  weight  to  an 
alternative  view  for  which  there  is  much  lesssupporting  evidence.  The  potential 
for  distortion  of  arguments,  and  for  increased  public  confusion,  is  obvious. 

Simms;  I  tal<e  the  point  that  Stanley  Johnson  has  made  about  getting  agreement 
for  directives.  One  sometimes  took  the  cynical  view  that  the  only  way  to  get  a 
directive  through,  or  agreement  for  drawing  up  conventions  at  international 
conferences,  was  to  agree  to  put  the  necessary  restrictions  in  the  convention  on 
the  understanding  that  it  wouldn't  be  enforced.  This  possibly  happened  with  the 
Po  Valley  situation.  But  the  result  of  this  M  inamata  disease,  and  also  that  with 
cadmium,  was  that  the  Central  Unit  to  which  PeterCorcoran  and  I  belonged  did 
produce  what  were  called  'Pollution  Papers^,  for  example,  summarizing  the 
evidence  of  the  dangers  of  cadmium  and  the  dangers  of  mercury  in  the 
environment.^"  We  didn't  always  get  cooperation,  for  example,  the  principal 
polluter  wouldn't  give  way  for  years  on  the  mercury  they  were  discharging,^"*  but 
the  cadmium  experts,  rather  surprisingly  called  a  meeting  and  told  the  users  to 
tal<e  cadmium  out  of  the  environment.  They  protested  vigorously  but 
surprisingly  enough  they  did  it  of  their  own  accord. 

But  com  i  ng  bacl<  to  another  point  about  the  cooperation  with  i  ndustry  general  ly 
I  wasn't  aware  that  the  oil  companies  in  the  U  SA  were  actually  cooperating  on 
the  need  to  prevent  global  warming,  quite  the  reverse. 

Dayan:  W  hen  you  speak  of  these  regulatory  and  legislative  events,  and  actions,  they 
could  occur  in  two  senses  or  in  two  ways,  couldnt  they?  0  ne  is  where  a  problem  has 
been  fully  recognized,  and  governments  and  appropriate  international  agreements 
producethemeansof  dealing  with  them,  but  at  that  stage  the  problem  is  likely  to  be 


"'  Department  of  the  Environment  (1977,  1980).  Dr  Dennis  Simms  wrote:  The  Central  Unit  for 
Environmental  Protection  (CUEP)  was  formed  about  1969.  Initially  it  had  an  investigative  function. 
In  1970  it  was  incorporated  into  the  Department  of  Environment  on  its  creation;  as  a  sign  of  its 
importance  staff  were  placed  on  the  floor  above  that  of  the  Secretary  of  State  I  n  succeeding  years,  its 
namewas  changed,  with  "Directorate"  replacing  "Unit"  in  itstitle  Subsequently  it  moved  to  a  different 
building  and  as  reorganization  followed  reorganization,  the  name  disappeared  altogether  while  the 
investigative  function  diminished.'  Letter  to  M  rs  Lois  Reynolds,  13  M  ay  2003. 

™0n  being  asked  for  further  details,  Dr  Dennis  Simms  wrote:  'I  do  not  think  the  perpetrator  would 
care  to  be  named.'  Letter  to  D  r  D  aphne  C  bristle,  30  N  ovember  2003. 
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relatively  serious  and  very  well  recognized.  There  are  also  examples  where  problems 
have  been  recognized  at  a  much  earlier  stage,  more  as  a  potential  than  an  actual 
problem,  and  action  has  been  taken.  H  as  there  ever  been  any  common  thread 
historically  that  has  led  to  action  after  the  event  or  to  action  before  the  event,  other 
than  with  intense  public  pressure  as  after  Se/eso  and  other  notorious  examples? 

Simms:  Well,  that's  a  very  difficult  question  to  answer,  but  by  the  1900s  the 
Inspector  of  Factories  was  declaring  that  asbestos  was  extremely  dangerous  and 
it  ought  to  be  dealt  with,  and  almost  nothing  was  done."'  I  myself  used  asbestos 
in  my  research  and  in  the  presence  of  factory  inspectors  who  l<new  full  well  the 
hazard  they  were  submitting  me  to  and  they  never  said  anything  about  it,  so 
there  was  almost  a  conspiracy  that  some  chemicals  were  dangerous,  but  nothing 
was  done  about  it.  Adding  lead  to  petrol  is  another  example  of  this.  The  US 
government,  when  it  agreed  to  do  so,  relied  on  the  e^/idence  of  Dr  Kehoe  in 
about  1926,  but  D  r  Kehoe  was  also  the  adviser  to  the  petrol  industry  D  r  Alice 
H  amilton  who  opposed  putting  lead  into  petrol  wasjust  organized  out.™ 

But  generally  speaking,  there  was  prescience  in  some  cases,  but  nothing  was  done 
about  it.  The  Water  Pollution  Research  Laboratory  (which  was  set  up,  I  suppose,  at 
the  end  of  the  war)  had  its  own  premises  in  1952,^"  so  the  government  was  carrying 
out  quitea  lot  of  research  into  water  pollution,  but  it  took  a  great  deal  of  effort  before 
anything  was  done  about  it.  Similarly  theold  Fuel  Research  Station"^  was  collecting 
data  on  air  pollution  and  what  put  that  into  effect  was  when  all  the  cattle  were  killed 
in  the  great  smog  in  1952.  So  it  takes  those  triggers  to  do  it,  but  fortunately  with  the 
air  pollution  the  solutions  were  to  hand.  Oil  was  replacing  coal  and  so  you  could 
clean  up  the  environment,  with  little  extra  cost;  with  water  pollution  it  just  required 
mon^.  But  by  and  large  the  old  scientific  principle  applied,  if  you  have  got  the 
answer  when  the  problem  arises,  it's  much  easier  to  put  it  into  effect.  The  trouble  we 
found,  it  may  have  changed  after  I  retired,  that  at  the  Directorate  the  problems  were 
hitting  it  before  we  had  a/en  begun  to  investigate  them. 

™  Dr  Dennis  Simms  wrote:  'See  Introduction  in  Bayer  (1988):  5-6;  although  a  1902  essay  by 
England's  Inspector  of  Factories  included  the  preparation  and  weaving  of  asbestos  fibers  as  among  the 
most  injurious  processes  known.  See  also  Ward  (2003):  278;  my  last  boss  retired  early  out  of  frustration 
when  she  couldn't  take  action  against  a  notorious  large  firm  over  asbestos  dust  problems  from  which 
workers  are  dying  today  and  which  were  well  known  to  be  dangerous  then,  c.  1955.'  Letter  to  Dr 
D  aphne  C  hristie,  30  N  ovember  2003. 

"°  See Graebner (1988):  15-71,  in  particular 41-4,  56-7  (Kehoe),  53  (Hamilton). 

"'See  Melville  (1962):  150-3. 
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See  Melville  (1962):  153. 
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Hunter:  In  relation  to  the  question  tinat  Inasjust  been  raised  -  of  tetraetlnyl  lead 
in  petrol  -  it  was  being  taken  pretty  seriously  in  1926  by  Dr  Joseph  Aub  at 
H  arvard,  who  was  investigating  it.  In  fact  that  is  when  my  father,  D  r  Donald 
Hunter,  first  became  involved  in  industrial  toxicology  when  he  went  to  work  for 
him  as  a  research  fellow  in  1926. 

Corcoran:  I  don't  think  we  need  to  be  too  pessimistic  about  the  ability  of 
government  to  react  in  a  precautionary  manner  in  some  cases.  So  perhaps  this 
might  be  an  opportunity  to  make  my  intervention  on  PO  Ps,  which  stands  for 
'persistent  organic  pollutants'.  The  chemicals  themselves,  the  PO  Ps,  are  pretty 
familiar,  they  are  the  PCBs  [polychlorinated  biphenyls],  the  drins  [aldrin, 
dieldrin,  endrin],  DDT  and  other  pesticides,  but  also  dioxinsand  some  other 
chemicals,  which  are  emitted  more  as  by-products  from  incineration  rather  than 
manufactured  intentionally"^  But  although  those  products  have  been  largely 
phased  out  in  the  West,  they  are  still  extensively  used  in  the  developing  world, 
sometimes  for  very  good  reasons  like  disease  vector  control,  malaria  particularly 

In  the  1980s  or  1990s  work  by  one  particular  individual  in  Canada,  who  worked 
for  their  Native  Peoples  Bureau,  discovered  quite  high  levels  of  residues  of  POPs 
in  tissue  from  both  wild  animals  in  the  Canadian  Arctic  and  also  in  people, 
including  breast  milk,  at  levels  that  were  of  concern."''  I  don't  know  whether  they 
were  showing  specific  effects,  but  they  were  likely  to  be  showing  more  subtle 
effects,  maybe  affecting  reproduction.  As  a  result  of  these  findings,  an 
international  convention  was  fairly  rapidly  agreed,  first  of  all  in  the  ECE 
(Economic  Commission  for  Europe),  which  covers  western  and  eastern  Europe, 
North  America  and  some  countries  like  Turkey,  who  all  agreed  to  phase  out  or 
reducetheuseofPOPs."^  That  was  soon  followed  byaUN  convention,"^  under 
theUN  Environment  Programme  (the  Stockholm  Convention),  although  it  was 
only  adopted  last  year  and  hasn't  yet  come  into  effect. 


"'  See  note  115. 

"*  See,  for  example,  H  ansen  (1998);  H  ooper  (1999). 

"^  U  N  Economic  Commission  for  Europe(U  N  ECE).  (1998)  Convention  on  Long-rangeTransboundary 
Air  Pollution:  Protocol  on  peraient  organic  pollutants.  T  his  protocol  ensured  the  control  of  the  release  of 
persistent  organic  pollutants-  substances  capable,  once  airborne,  of  being  transmitted  worldwide 

""^  TheUN  Environment  Programme  Stockholm  Convention  on  Peraient  0 rganic Pollutants.  (2001)  T  he 
Stockholm  Convention  is  a  global  treaty  designed  to  protect  human  health  and  the  environment  from 
persistent  organic  pollutants.  See  www.pops.int/  (site  accessed  2  December  2003).  See  also  note  41. 
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This  will  put  the  issue  of  POPs  on  a  global  basis,  and  so  eventually  will  involve 
all  180  countries  within  the  UN,  although,  of  course,  signing  up  to  these 
conventions  is  always  voluntary.  The  Convention  includes  a  financial 
mechanism  as  an  added  incentive  to  the  developing  countries,  which  requires 
developed  countries  to  give  technical  and  financial  assistance  to  developing 
countries  to  deal  with  PO  Ps.  So  these  global  issues  can  be  addressed  on  an 
international  level.  It  will  take  some  time  to  have  any  effect,  but  the  mechanism 
is  there  and,  given  the  fact  that  there  is  a  financial  provision,  it  is  likely  to  be 
effective  in  the  longer  term.  Although  the  problems  caused  by  these  chemicals 
are  familiar  in  the  West,  the  problem  of  their  global  distribution  hadn't  really 
been  addressed  until  these  two  international  protocols  were  agreed. 

Dayan:  You  mentioned  two  classes  of  chemicals  there.  One  class,  those 
substances  that  are  deliberately  manufactured  because  they  seem  to  have  a 
particular  value,  are  tradable  at  a  certain  stage  in  their  life  cycle  The  others,  very 
often,  as  you  said,  the  dioxins,  arise  incidentally  as  a  by-product  of  some  other 
process,  such  as  the  incineration  of  rubbish,  for  example.  The  economic 
mechanism  of  theC  onvention  that  you  are  referri ng  to  makes  it  of  interest  to  less- 
developed  as  well  as  to  developed  countries,  I  can  see  how  that  applies  to 
economically  valuable  and  profitable  chemicals.  H  ow  are  the  other  substances 
going  to  be  dealt  with  in  the  future?  I  don't  think  they  have  been  dealt  with  at  all. 

Corcoran;  The  usual  answer  to  that  is  on  a  case-by-case  basis,  which  is  in  effect  pretty 
much  what  happens.  You  can,  for  example,  subsidize  the  disposal  of  waste  in 
de/doping  countries  I  think  that  there  is  a  common  theme  that  runs  through  a  lot  of 
these  international  conventions  when  products  and  processes,  which  were  developed 
in  theWest,  are  subsequently  found  to  cause  environ  mental  problems  The  developed 
countries  used  them  when  they  were  cheap  and  gained  the  benefits  of  doing  so.  Asa 
result  we  have  polluted  large  parts  of  the  world,  and  now  we  have  stopped  using  them 
and  are  saying  to  the  da/doping  world,  'Yes,  wdl,  we  used  them,  but  sorry  chaps*  you 
cant  do  so  because  of  the  pollution.  You  must  use  these  modern,  more  expensive 
chemicals  and  processes,'  which  are  probably  still  only  manufactured  by  devdoped 
countries  So,  very  reasonably  the  devdoping  countries  say  'Thede/doped  countries 
have  caused  this  problem,  and  if  you  want  us  to  do  our  bit  towards  preventing  it 
becoming  worse,  then  you  must  giveusfinandal  assistance  to  do  so.' 

Dayan:  Very  realistically  then,  what  you  are  saying  is  that  altruism  is  always 
beaten  by  economics,  at  least  at  the  international  levd. 

Corcoran;  Yes,  but  when  there  is  an  overall  benefit,  it's  quite  reasonable,  I  think, 
that  there  should  be  some  transfer  from  thedevdoped  countries,  who  very  often 
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originated  these  problems,  to  the  developing  countries,  in  order  too  help  them 
to  avoid  falling  into  the  same  trap. 

Johnson;  To  follow  Peter  Corcoran's  point  on  the  international  dimension  of  this 
issue,  and  he  has  mentioned  POPs.  I  think  it  is  also  worth  mentioning  PIC 
[prior  informed  consent]  as  well,  which  is  the  convention  on  PIC  that  deals  with 
most  of  the  chemicals  that  we  have  been  talking  about  and  imposes  certain 
conditions  on  the  way  in  which  they  can  besentto  other  countries.  Forthesake 
of  completeness-  bytheway,  I  thinkthePIC  Convention  hasn't  come  into  force 
yet-  oneought  to  add  the  Basel  Convention  onthecontrol  ofthesetransfrontier 
movements  of  hazardous  waste,"^  a  very  important  convention.  Some  135 
countries  have  ratified  it,  it  is  in  force,  and  developing  countries  are  being 
encouraged  to  implement  it. 

There  are  some  very  extraordinary  events  taking  place  at  the  moment.  For 
example,  oneof  the  things  that  the  Basel  Convention  has  been  addressing  most 
recently,  is  the  break-up  of  ships  on  the  coasts  of  Orissa  in  southern  India,  and 
even  in  Turkey,  ships  containing  all  sorts  of  toxic  substances."^  But  I  think  that 
if  we  look  at  this  whole  issue  of  potentially  toxic  chemicals  in  the  environment, 
it'sabsolutely  right  that  one  should  look  not  just  at  the  national,  or  the  EU -level, 
mechanisms,  but  also  these  wider  international  conventions,  and  there  is  a  move 
afoot  now  in  the  run-up  to  Johannesburg,  the  so-called  cluster  chemical 
conventions,  to  find  a  way  in  which  the  Basel  Convention  on  PICs  and  PO  Ps 
can  work  more  effectively  together. 

"'  M  r  Stanley  Johnson  wrote:  'The  Basel  Convention  on  the  control  of  transboundary  movements  of 
hazardouswastesand  their  disposal  was  signed  in  1989  under  the  aegis  of  the  UN  and  came  into  effect  on 
5  M  ay  1992.  The  Convention  compels  the  signatories  to  ensure  hazardous  waste  export  operations  are 
notified  beforehand  and  exportsarepermitted  when  all  parties  have  given  their  written  consent.  Time  limits 
are  imposed  on  importas  for  recycling  and/or  eliminating  waste  The  states  undertake  to  refrain  from 
transactions  involving  waste  with  countries  not  belonging  to  the  Convention.  In  thea/ent  of  imports  that 
do  not  comply  with  the  notification  requirement  or  arriving  from  doubtful  sources,  the  importing  country 
is  entitled  to  return  the  waste  to  the  exporter.'  N  ote  on  draft  transcript,  12  D  ecember  2003.  For  more 
details  see  www.europa.eu.int/scadplus/leg/en/lvb/l28043.htm  (site  accessed  11  December  2003). 

"*  Turkey  was  the  first  country  to  refuseaship-for-scrap  in  2002  on  the  grounds  of  the  Basel  Convention. 
TheSeaBarut  containing  asbestos  arrived  near  the  beaches  of  Aliaga  and  was  ordered  to  return  to  France. 
M  r  Stanleyjohnson  wrote:  'After  25-30  years  ships  are  at  the  end  of  their  sailing  life  These  "end-of-l if e 
vessels^'  are  sold  and  dismantled  to  recover  the  valuable  steel.  About  95  per  cent  of  the  ship  consists  of 
steel.  But  the  ships  also  contain  large  amounts  of  hazardous  materials.  Every  year  around  600-700  larger 
sea  vessels  are  taken  out  of  service  and  brought  to  Asia  for  scrap.'  Note  on  draft  transcript,  12  December 
2003.  For  further  details  see  www.greenpeaceweb.org/shipbreak/remarkableship_seabeirut.asp  (site 
accessed  29  M  arch  2004). 
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There  is  one  gap,  I  still  think,  which  we  all  need  to  look  at.  We  have  mentioned 
there  are  systems  in  theEU  for  evaluating  both  new  and  existing  chemicals,  and, 
of  course,  our  EEC  countries  have  such  a  system  and  for  a  time  the  U  N  was 
taking  quite  seriously  something  called  the  International  Register  of  Potentially 
Toxic  Chemicals  (I  R  PTC)/"  My  impression  is  that  it  is  very  much  on  the  back- 
burner  now  in  UN  terms.  So  onedoesaskoneself  if  there  is  enough  effort  being 
made  on  a  worldwide  basis  to  project  these  protocols  or  whatever  you  want  to 
call  them  in  theEU  and  the  0  EC  D  countries,  on  to  a  worldwide  stage.  Should 
we  be  looking  for  some  systems  whereby  all  people  who  are  putting  new 
chemicals  on  the  market  have  to  subject  these  chemicals  to  evaluation?  I  think  it 
is  worth  thinking  about. 

Palmlund:  Since  we  are  talking  about  the  history  of  environmental  toxicology,  I 
would  like  to  raise  a  question  that  has  puzzled  me.  As!  mentioned  before,  in  the 
1960s  through  to  the  1970s,  a  major  environmental  problem  that  troubled  both 
the  government  of  Sweden  and  the  government  of  Norway  were  the  dying  lakes, 
crystal  clear  beautiful  lakes  with  absolutely  no  life  left.^^° The  cause  was  what  has 
become  known  as  acid  rain.^"  T  he  weather  patterns  were  very  easy  to  interpret,  it 
was  very  easy  to  see  that  much  of  this  acid  rain  actually  came  from  the  U  K.  A 
numberof  attemptsweremadetoasktheUK  government  to  impose  curbs  on  the 
air  pollution  in  this  country.  It  may  be  anecdotal,  but  I  have  been  told  that  one 
of  the  first  responses  was  to  raise  the  height  of  chimneys  here.^"  The  problem  is 
that  that  soil  in  southern  Scandinavia  is  very  poor  in  limeand  you  have  plenty  of 
lime  here.  My  question  is:  what  interest  did  environmental  toxicologists  in  the 
U  K  have  in  this  issue  during  the  1970s  and  1980s,  what  sort  of  research  was 


"'  M  r  Stanley  J  ohnson  wrote:  T  he  I  nternational  Register  of  Potentially  Toxic  C  hemicals  (I  R  PTC )  was 
established  by  UNEP  in  1976,  following  up  a  recommendation  of  the  1972  United  Nations 
Conference  on  the  Human  Environment  held  in  Stockholm.  The  IRPTC  aims  to  help  the  world 
community  make  better  use  of  existing  global  resources  and  to  give  developing  countries  the 
information  base  to  manage  chemicals  effectively'  Note  on  draft  transcript,  12  December  2003. 

''"See  note  42. 

'''  The  problem  of  acid  rain  was  first  observed  in  southern  Scandinavia  in  the  late  1950s  and  it  was 
established  that  the  origin  of  this  pollution  was  in  the  UK  and  northern  Europe  0  ne  early  answer  to 
industrial  air  pollution  was  to  build  very  tall  chimneys,  to  push  polluting  gases  up  into  the  atmosphere, 
and  thus  allow  emissions  to  float  away  T  he  wind  carried  the  pollution  many  hundreds  of  miles  towards 
Scandinavia  where  it  eventually  fell  as  acid  rain.  The  UK  has  contributed  to  at  least  16  per  cent  of  the 
acid  deposition  in  Norway 

'^^  The  Clean  Air  Act  of  1956,  which  came  into  effect  in  1958,  specified  the  height  of  chimneys.  See 
note  136. 
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conducted  here  and  what  is  the  perspective  from  here  over  the  communication 
with  the  UK  government  over  incidences  of  the  l<ind  that  I  have  mentioned? 

Lovelock:  I  was  much  involved  with  this  particular  issue,  and  I  first  of  all  would 
like  to  ask  the  question,  why  was  the  U  K  singled  out  by  N  orway  and  Sweden? 
Perhaps  I  should  start  with  an  anecdote.  Two  of  my  colleagues,  both  Fellows  of 
the  Royal  Society,  were  at  a  joint  Academies  meeting  in  Sweden  on  this  issue,  I 
think  in  the  1980s.  The  meeting  started  with  the  Scandinavian  Chairman 
saying,  'Gentlemen,  we  are  here  to  prove  that  Britain  is  responsible  for  the  acid 
rain  falling  on  Sweden'.  I  think  there  was  an  enormous  degree  of  prejudice  at  the 
back  of  this  story  to  be  sure.  I  forget  the  exact  figure,  but  I  think  it  is  about  15 
per  cent  of  the  acid  that  fell  on  Sweden  and  Norway  during  that  period  came 
from  power  stations  and  other  sources  in  the  U  K.  But  an  awful  lot  came  from 
other  European  countries,  especially  from  eastern  Europe,  which  at  that  time  was 
exerting  almost  no  pollution  controls. 

So  again,  I  ask,  why  single  out  the  UK?  The  factor  that  was  left  out  entirely  in 
these  calculations  was  that  a  great  deal  of  acid  was  coming  from  natural  sources. 
The  North  Sea  is  full  of  algae  and  they  produce  huge  quantities  of 
dimethylsulphide  that  goes  into  the  atmosphere,  oxidizes  to  form 
methylsulphonic  and  sulphuric  acids,  which  fall  on  Norway  and  Sweden  and 
also  on  Scotland,  and  other  places.  I  think  the  Scandinavians  did  have  real 
troubles,  becauseof  thenatureof  thesoil  and  thedifferentclimatetheremadeit 
much  more  sensitive  to  acid  rain  than  other  parts  of  Europe.  They  did  have  a 
legitimate  grievance,  but  I  feel  that  their  singling  out  the  U  K  in  this  particular 
instance  was  political  and  not  scientific. 

Simms:  I  think  Professor  Lovelock  has  said  what  I  was  going  to  say,  but  I  have 
oneaddition.  It  was  perhaps  fortunate  that  thedays  in  which  the  westerlies  blew 
have  diminished  by  about  20  per  cent  over  this  period,^"  so  Scandinavia  got 
rather  less  than  it  might  havedone.  Thereisa  very  large  volume  on  the  research 
that  was  done  on  this  issue;""  an  awful  lot  of  money  was  spent  by  the  three 
governments  (UK,  Sweden  and  Norway). 

Dayan;  I  think  it  would  be  fair  to  say,  at  least  as  I  recall,  that  the  early  work  on 
that  form  of  transboundary  pollution  did  initially  suggest  that  with  the 
predominantly  westerly  winds  we  might  have  been  a  major  source  of  the  acid  rain 
that  fell  in  Scandinavia,  but  subsequently  as  you  have  said,  it  was  realized  that  this 

"'  See,  for  example,  H  olgate  et  a/.  (1999):  21-49. 
'"See Mason  (1990). 
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was  quite  erroneous,  that  much  of  it  was  coming  from  elsewhere  in  eastern 
Europe,  about  which,  in  a  sense,  nothing  could  bedoneat  that  time,  certainly  not 
at  a  political  level.  Butthememory  of  Britain  as  a  major  source  I  am  afraid  seems 
to  linger  in  Scandinavia.  We  were  not  responsible  for  a  lot  of  the  problem. 

Palmlund:  I  am  quite  aware  that  some  of  the  sources  and  very  important  sources 
were  in  eastern  Europe,  but  still  in  the  1970s  the  eyes  were  directed  towards  the 
UK.  In  Sweden  almost  every  weather  report  that  deals  with  low  pressure  in 
Scandinavia,  starts  with  saying  There  is  low  pressure  over  the  British  Isles,' 
moving  towards  us,  and  so  on  and  so  forth.  So  everybody  who  listened  to 
weather  reports  was  very  aware  of  the  weather  patterns.  T  he  meteorologists  who 
were  studying  the  dispersion  of  acid  rains  over  southern  Scandinavia  were  able 
to  map  out  that  actually  there  was  a  transport,  which  was  not  insignificant,  but 
contributed  considerably  to  the  problem."^  The  meteorologists  also,  of  course, 
were  able  to  map  the  transports  from  the  east.  Since  this  controversy  started, 
there  has  been  a  major  research  project  going  on  concerning  thetransboundary 
air  pollution  in  Europe,  as  you  are  probably  all  aware.^^^ 

Johnson:  I  think  this  whole  question  of  air  pollution  and  acid  rain  is  very  very 
fascinating.  Why  for  example,  did  theEU  in  the  mid-1980s  finally  agree  to  the 
air  pollution  emission  from  large  industrial  plant  directive,  which  set  us  on  the 
way  to  dealing  with  the  question  of  some  of  these  acid  rain-producing 
emissions?^"  From  my  perspective,  it  was  really  what  was  called  the  'forest  die- 
off '  in  Germany  particularly  at  the  end  of  the  1970s  and  the  very  beginning  of 
the  1980s.  Forests  are,  of  course,  unbelievably  important  to  the  German  soul.^^^ 
The 'die-off  moved  them  terrifically 

In  June  1982, 1  think  what  happened  atthemeetingof  the  heads  of  state  of  the 
EU  countries  in  Cologne  was  that  the  Germans  finally  said,  'We  have  had 
enough.  We  want  to  see  a  large  power  plant  directive  adopted  within  two  years 

'''See  note  121. 

'^'SeeUN  Economic  Commission  for  Europe  (1998).  Professor  I  ngar  Palmlund  wrote:  'Research  results 
led  to  further  research  collaboration  and  the  creation  of  the  Convention  on  Long-rangeTransboundary 
Air  Pollution  (seewww.uneceorg.env.lrtap).'  Note  on  draft  transcript,  10  February  2004. 

'"Council  Directive  of  28  June  1984,  published  in  Offioa/journa/ L 188  of  16  July  1984. 

''"  M  r  Stanley  Johnson  wrote:  'Germany  was  possibly  the  first  country  to  recognize  the  loss  of  their 
woodlandsin  the  early  1980s.  In  1982  the  Federal  M  inister  of  Agriculture  published  statistics  showing 
that  8  per  cent  of  the  West  German  forests  were  damaged.  By  1983  it  had  increased  to  34  per  cent. 
Since  then  Waldierben,  the  German  word  for  forest  death,  has  became  internationally  known.'  Note 
on  draft  transcript,  12  December  2003.  SeeSchulze^a/.  (1989). 
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by  theEU  and  Britain,  and  you  arejust  going  to  Inaveto  comeinto  lineon  tinis.' 
Thisiswinat  Inappened/^' Of  course  we  were  able  to  agree  to  it  then,  because  we 
had  some  gas  power  plants  coming  on  line  and  various  others  things  and  it  was 
feasible  for  us  in  1983,^^°  in  a  way  which  maybe  it  wouldn't  have  been,  a  few 
years  earlier.  But  for  the  purposes  of  this  seminar,  it  wasn't  a  discrete  event  like 
an  accident,  but  forest  die-back  in  Germany  was  terrifically  important  to  the 
public,  and  a  popular  event  in  moving  air  pollution  policy  forward. 

Dayan:  The  second  half  of  this  afternoon  will  be  slightly  different  in  that  we  have 
two  different  areas  to  start  us  off:  air  pollution  and  water  pollution.  We  have 
known  something  about  the  problems  of  both  for  a  very  long  while,  but  I  hope 
that  we  will  hear  more  about  them  from  some  experts,  which  will  lead  into  the 
more  general  consideration  of  carcinogenicity  that  has  driven  alot  of  toxicology 
at  both  the  scientific  level  and  governmental  level.  Certainly  it  has  funded  a  lot 
of  academic  work,  and  has  led  to  a  great  deal  of  activity  at  a  governmental  level, 
sometimes  resulting  in  legislation.  We  will  move  on  to  that,  and  then  perhaps 
ultimately  some  more  general  views.  We  have  touched  a  little  bit  on  the 
precautionary  principle,  but  we  shouldn't  leave  it  lying  doggo  as  it  is  at  the 
moment.  Pleasemay  westart  on  air  and  water  pollution? 

Maynard:  It's  important  to  remember  that  air  pollution  did  not  begin  in  theyear 
of  the  great  smog  in  London, ^^^  a  period  of  appalling  air  pollution.  During  the 
first  week  of  December  1952,  perhaps  4-6000  unexpected  and  extra  deaths 
occurred  over  thosethat  would  have  been  expected  at  that  time  of  theyear,  under 
similar  climatic  conditions."^  The  event  was  characterized  by  unusually  high 
le/elsof  pollution  in  London,  and  the  pollution  in  those  days  was  due  mainly  to 
theburningof  soft  coal,  asameansof  heating  houses. "Mtwasa  particle- sulphur 
dioxide  mixture.  The  temperature  was  low,  the  air  was  wet  and  so  there  was  a 
great  deal  of  acid  aerosol  present  as  well. 

Earlier  we  heard  that  some  cows  had  died,  I  think,  at  Smithfield  Market.""  It's  a 
great  loss  not  to  have  Pat  Lawther  here  today  because  he  would  be  able  to  tell 

'''  See  note  131. 

™  M  r  Stanley  Johnson  wrote:  'Of  particular  importance  was  the  shift  away  from  coal-fired,  electricity- 
generating  plants  which  took  place  during  the  1980s'  Note  on  draft  transcript,  12  December  2003. 

™  For  a  history  of  air  pollution  in  London  see,  for  example,  Brimblecombe  (1987).  See  also  note  136. 

'''Ministry  of  Health  (1954). 

^'^  Committee  on  Air  Pollution  (1958). 

'"  See  page  38. 
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you  that  it  was  only  the  'better-off  cows  that  died  and  I  beiieve  this  is  an 
important  socialist  point.  Oniy  the  better-off  cows  died,  because  they  had  their 
bedding  changed  frequently  whereas  the  poorer-off  cows,  which  weren't  of  such 
high  quality  lived  among  their  own  ammoniacal  urine  which,  of  course, 
neutralized  the  acid  in  the  air.  So  the  pollution  at  the  time  was  produced  by 
capitalism  and  struck  at  capitalist  animals! 

This  country  responded  to  that  appalling  air  pollution  incident  via  the  person  of 
Sir  Gerald  Nabarro^^^  -  I  don't  know  that  he  was  Sir  Gerald  then  -  who  was 
known  later  for  his  Daimler  motorcars,  with  NAB  1,  NAB  2  on  the  number 
plates,  and  for  his  fine  moustache.  He  was  the  man  who  suggested  that  we 
should  have  a  clean  air  act  in  this  country  and  launched  a  private  member's  bill. 
There  was  the  Beaver  Committee,  which  had  been  set  up  to  look  into  the 
problem  of  air  pollution  in  London,  and  theprivate  member's  bill  was  taken  over 
by  the  Government  and  became  the  Clean  Air  Act  in  1956."^ 

It's  often  said  that  the  Clean  Air  Act  produced  the  enormous  improvement  in 
levels  of  air  pollution  in  London  and  other  U  K  cities.  It  played  a  part,  but  of 
coursethe  increase  in  useof  electricity  and  gas  and  oil  also  played  apart,  and  so 
despite  the  fact  that  people  were  given  grants  for  changing  their  heating  from 
open  coal  fires  into  fires  that  would  burn  smokeless  fuel,  it's  likely  that  air 
pollution  levels  would  have  been  dropping  by  the  mid-1960s.  In  about  1956  the 
M  RC  established  the  Air  Pollution  Research  Unit,  under  Professor  Pat  Lawther's 
direction,  at  St  Bartholomew's  Hospital,^"  and  it  stayed  there  doing  seminal 
work  until  about  1980.  By  then  levels  of  air  pollution  had  fallen  to  such  an 
extent  that  it  was  beginning  to  be  believed  that  not  much  more  needed  to  be 
done.  More  could  be  done,  but  not  much  more  needed  to  be  done. 

Very  interestingly  it  is  just  in  the  last  few  years  that  we  have  discovered  that 
current  levels  of  air  pollution  still  have  a  considerable  impact  on  health.  People 

"'  See  notes  122  and  136. 

^^'TheClean  Air  Act  was  passed  in  1956,  which  aimed  to  control  domestic  sources  of  smol<e  pollution 
by  introducing  smokeless  zones.  See  M  inistry  of  Housing  and  Local  Government  (1956);  Griffiths 
(1962);  Berridge  and  Taylor  (2002).  See  also  notes  138  and  139.  Further  details  can  be  found  at 
www.pro.gov.uk/inthenews/pollution/pollution2.htm  (site  accessed  29  November  2003).  Dr  Robert 
Flanagan  wrote:  A  further  factor  in  the  1956  Act  was  that  Doulton'sand  other  Lambeth  potteries  that 
produced  salt-glazed  earthenware,  thus  liberating  hydrochloric  acid  into  the  atmosphae  in  the  firing 
process,  lay  just  to  the  south-west  of  the  Houses  of  Parliament  at  that  time'  E-mail  to  Dr  Daphne 
Christie,  29  March  2004. 

"'  See  biographical  notes  page  91. 
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in  the  audience  might  have  heard  that  we  caicuiate  now  that  between  8000  and 
10  000  deathsayear  in  theU  K  are  advanced  by  parti  cui  ate  air  poiiution.^^^This 
is  where  the  science  iets  us  down.  We  l<now  that  a  number  of  deaths  have  been 
brought  forward,  but  we  do  not  i<now  by  how  much.  So  these  might  beverysici< 
peopie  whose  deaths  have  been  advanced  by  oniy  a  day  or  two  and  therefore 
perhaps  are  not  terribiy  important  in  pubiic  heaith  terms,  but  of  course,  the 
number  aiso  inciudes  some  peopie  whose  deaths  have  been  brought  forward  by 
much  ionger  periods,  say  months  or  years,  and  so  that  is  a  considerabie  pubiic 
heaith  impact.  Untii  about  a  year  ago,  that  was  the  state  of  piay  and  then  a 
detaiied  reanaiysis  of  some  cohort  studies  undertai<en  in  the  USA  has 
demonstrated  that  iivingforaiongtime,  aii  your  iifeif  you  iike,  in  an  area  where 
ieveisof  poiiution  are  high,  has  a  distinct  effect  on  your  i if e  expectancy ^^' 

I  brought  with  me,  Chairman,  abooi<  pubiished  in  1961,  as  this  is  a  meeting  to 
deai  with  historicai  aspects,  and  it'scaiied  TheAirWeBredthe.^'*°  It  is  the  report 
of  a  symposium  heid  in  the  USA.  Professor  Lawther  was  present  at  the 
symposium;  he  said  that  the  roie  of  chronic  poiiution  in  the  production  of 
disease  is  great,  and  unfortunateiy  tends  to  be  overshadowed  by  our  concern  with 
more  dramatic  manifestations.  I  thini<  he  was  absoiuteiy  right.  Attention  has 
aiways  focused  on  air  poiiution  episodes,  and  the  assumption  isthat  between  the 
episodes  there  isn't  much  effect  on  heaith.  What  we  have  come  to  understand  is 
that  it's  the  iong-term  exposure,  the  iong-term  average  ievd  of  air  poiiution, 
which  might  be  having  the  most  significant  effect  on  health. 

This  is  a  very  worrying  discovery,  because  if  it  is  true,  and  it  seems  likely  to  be 
true,  then  it  may  bethat  there  is  no  threshold  of  effect  of  air  pollutantson  health. 
So,  M  r  Chairman,  the  toxicology  that  you  and  I  were  brought  up  with,  for 
example,  that  it  must  be  possible  for  a  gas  like  sulphur  dioxide  to  reduce  its 
concentration  to  such  a  level  where  it  wouldn't  have  any  effect  -  and  the  same 
goes  for  ozone,  nitrogen  dioxide,  carbon  monoxide  and  perhaps  particles 
(although  we  might  have  known  a  little  less  about  that  years  ago).  We  would  have 
made  the  assumption  that  those  common  compounds  would  be  characterized  by 
athreshold.Thismay  not  betrueand  if  it  isn't  then  we  can  never  completely  solve 
the  problem  of  air  pollution.  All  we  can  do  is  to  mitigate  it  in  the  UK. 


''"Department  of  H  ealth  (1998). 

"'Department  of  Health  (2001). 

"°  Farber  and  Wilson  (1961),  papers  given  by  31  contributors  at  a  symposium  at  the  University  of 
California,  San  Francisco,  in  1961. 
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Levels  of  particles  in  London  are  now  at  an  all-time  low.  Our  annual  average 
concentration  is  23  |ig/m^,  or  thereabouts.  There  was  a  time  when  it  was 
250  lig/m^."^  In  that  appalling  episode  in  1952,  and  remember  this  is  a 
transient  figure,  not  a  long-term  average,  concentrations  in  London  were 
8000  |ig/m^:  averaged  over  about  24  hours,  not  a  year.  So  we  are  down  to  23  at 
the  end  of  the  twentieth  century.  How  much  further  can  we  go?  Can  we  reduce 
the  level  to  15  |ig/m^?Yes,  perhaps,  but  at  great  expense,  and  with  difficulty.  So 
the  problem  of  air  pollution  toxicology  today  notjust  here,  but  elsewhere  in  the 
world  as  well,  is  calculating  the  cost- benefit  equation  for  further  reductions  in 
concentrations.  What  that  means  is  that  we  have  to  move  from  qualitative 
toxicology  to  quantitative  toxicology  and  as  we  do  that,  the  problems  of 
quantifying  the  effects  of  noncarcinogensand  carcinogens  come  to  the  front. 

For  many  years  in  the  UK  we  have  known  that  the  air  contains  carcinogenic 
substances,  and  Professor  Lawther  referred  to  these  in  his  article  in  1961.^"^  H  esaid 
that  chronic  pollution  and  lung  cancer  are  I inl<ed  by  theoccurrenceof  substances  in 
urban  air  that  are  known  to  be  capable  of  producing  experimental  cancer.  T  here  is  a 
tendency  to  forget  that  our  interest  in  lung  cancer  is  overwhelmingly  directed  to  the 
fantastic  rise  in  the  pra/alenceof  the  disease  in  the  last  50  years,  and  that's  probably 
a  result  of  cigarette  smoking."^  Professor  Lawther  was  pointing  out,  I  think,  that 
there  might  bean  underlying  la/d  of  lung  cancer,  which  in  those  days  was  probably 
more  marked  than  now,  because  of  the  high  levels  of  coal  smoke-carrying 
carcinogens,  but  even  now  there  may  be  a  level  of  lung  cancer  which  is  attributable 
to  air  pollution.  C  alculating  the  size  of  that  effect,  or  the  size  of  the  attributable  risk, 
from  air-borne  carcinogens,  is  going  to  present  us  with  a  very  distinct  problem. 

It's  a  problem  that  Professor  Richard  Carter  and  I  struggled  with  when  we  were 
setting  standardsfor  carcinogenic  air  pollutants  and  at  that  time  we  veered  fairly 
strongly  away  from  attempt!  ng  a  quantitative  risk  assessment  of  the  i  mpact  upon 
health."'' As  the  cost- benefit  equation  bites,  and  as  we  come  closer  and  closer  to 
thelimit  of  what  wecan  achieve,  then  pressure  will  be  put  on  people  who  know 
about  carcinogenic  mechanismsto  return  to  that  quantitative  risk  assessment.  In 
the  end,  it  will  be  a  question  of  trying  to  explain  how  much  more  benefit  you 
get  from  a  very  very  small  reduction  in  a  level  of  an  air  pollutant. 


"'SeeHolgateeta/.  (1999). 

"'  Lawther  (1961). 

"'Doll  (1995);  Lock  ef  a/.  (1998). 

""  Department  of  the  Environment  (1994). 
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Dayan:  Would  anyone  like  to  comment  on  any  of  the  points  that  have  been 
brought  up?  Or  shall  we  bring  water  into  the  discussion  as  well,  as  there  are 
similarities  and  some  distinctions? 

Woods;  All  the  experts  on  water  pollution  that  you  invited  to  this  meeting 
couldn't  attend.  I  am,  therefore,  approaching  this  at  your  request  in  a  state  of 
aqueous  innocence.  The  whole  question  of  water  pollution  is,  in  my  opinion, 
slightly  different  to  anything  else  that  we  have  been  discussing  this  afternoon.  In 
its  historical  context  the  major  pollution  of  our  waterways  in  the  UK  was 
brought  to  attention  as  a  direct  result  of  the  sanitary  movement  in  the  last 
century,  the  so-called  Chadwickian  movement."'  Chadwick  and  others  in  the 
nineteenth  century  pointed  out  the  relationship  between  the  environment  and 
health,  particularly  in  urban  areas  and  to  some  extent  in  rural  areas  too,  and  the 
relationship  between  disease  and  waste.  W  hat  happened  was,  of  course,  that  the 
waste  was  put  i  nto  our  watercourses  and  rivers.  So,  in  historical  terms,  thismajor 
pollution  itself  arose  out  of  an  effort  to  improve  the  environment. 

I  am  a  northerner.  Sir,  as  you  know,  and  therefore  I  am  not  going  to  pick  on  the 
River  Thames,  but  I  thought  you  might  like  to  hear  a  description  of  the  River 
Aire  in  Leeds  (the  town  in  where  I  was  born)  in  1840: 

It  was  full  of  refuse  from  water  closets,  cesspools,  privies,  common 
drains,  dung  hill  drainings,  infirmary  refuse,  waste  from  slaughter 
houses,  chemical  soap,  gas,  dye  houses  and  manufacturers,  coloured 
by  blue  and  black  dye,  pig  manure,  old  urine  wash  and  there  were 
dead  animals,  vegetable  substances,  and  occasionally  a  decomposed 
human  body"^ 

That  description  could  have  been  applied  to  any  of  the  rivers  in  the  U  K  at  that 
time,  and  what  has  fascinated  mewhile  reading  about  this  istheextent  to  which 
this  pollution  took  place.  For  example,  at  the  time  when  a  great  public  health 
advance  was  announced,  namely  the  construction  of  sewers  in  London,"^  over 
150  million  gallons  of  sewage  entered  that  river,  in  unit  time,  in  one  day,  which 


See  note  192. 
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For  further  details  see,  for  example,  J  ohn  Taylor  Teachers  C  entre  (n.d.). 

Between  1856  and  1859,  82  miles  of  brick-intercepting  sewers  were  built  below  London's  streets,  all 


flowing  by  gravity  eastwards  See  note  192. 
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was  one-sixth  of  the  total  volume  of  the  river  water  at  that  time.  In  other  words, 
the  proportion  of  the  'water'  to  that  which  was  not  water  was  extremely  large. 

Certain  individuals  had  prescriptive  rights  to  dump  sewage  into  theThames 
and  that  caused  difficulties  for  legislators.  Indeed,  at  the  turn  of  the  century, 
there  was  a  great  problem  because  those  individuals  insisted  on  their  rights  to 
continue  to  dump  sewage  into  theThames.  Staines  is  one  of  the  areas  where 
they  were  allowed  to  do  so.^''*  The  whole  of  the  development  of  legislation, 
which  is  now  in  place  in  the  UK,  is  described  by  those  who  have  looked  at  the 
history  of  legislation  in  this  regard,  'That  it  is  characterized  by  the  timidity  of 
government  in  relation  to  bringing  the  legislation  in',  but  more  importantly  in 
relation  to  our  discussions  this  afternoon,  'the  timidity  and  reluctance  of 
government  to  finally  decide  to  use  the  advice  of  experts,  particularly  those 
experts  in  chemistry  in  order  to  advise  them  and  to  guide  them  in  relation  to 
the  framing  of  legislation'."' 

It  wasn't  until  1914  in  thiscountry  that  thefirst  reasonable  legislation  in  relation 
to  water  safety  was  put  on  the  statute  book  in  this  country""  I  don't  want  to 
labour  this  any  further,  but  putthisslightly  in  context.  What  are  the  matters  that 
concern  the  consumer  in  this  country  in  relation  to  water?  We  are  in  the 
fortunate  position  that  our  water  supply  is  of  very  high  quality  irrespective  of 
where  we  live  in  the  UK.  Because  of  this  I  am  only  going  to  talk  about  the  UK. 
I  can't  remember,  and  I  stand  to  be  corrected,  the  last  recorded  cases  of  large-scale 
water  contamination  leading  to  bacterial  illness  in  the  UK.  I  am  sure  somebody 
will  tell  me,  but  it  is  a  rare  event,  and  we  are  now  under  legislation  from  the  EC 
that  governs  the  quality  of  our  water."^ 

This  raises  another  important  point  that  I  thought  might  be  a  matter  for 
discussion,  and  that  has  been  touched  on  this  afternoon,  and  that  isthe  matter  of 
expenditure  in  relation  to  monitoring  thequality  of  water  as  against  the  results  of 
that  checking,  and  whether  it  is  economically  justifiable  in  relation  to  the  results. 

This  is  somewhat  heretical,  particularly  for  somebody  who  chairs  advisory 
committees-  and  I  will  tell  you  that  I  am  currently  chairing  the  third  inquiry 


"'Wohl  (1983):  233-56. 

"' SeeThe  Royal  Commission  on  Sewage  Disposal  (1902-15). 

"°  See  note  above 

^^'  For  U  K  legislation  on  water  qualityseewww.ukmarinesac.org.uk/activities/waterquality/wql_2.htm 
(site  accessed  12  M  arch  2004). 
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into  the  Camdford  incident^"  -  so  I  have  some  personal  interest  in  this.  At  the 
moment  the  1980  EC  D  rinl<ing  Water  D  irective  sets  a  standard  -  and  I  am  now 
tall<ing  about  pesticides-  of  0.1  |ig/l  for  each  pesticide.^"  I  thought  it  would  be 
interesting  for  you  to  l<now  how  many  estimations  in  water  under  the  England  and 
Wales  regulations  were  carried  out  in  2000.  In  theyear  2000,  for  example,  45  000 
regulatory  analyses  for  pesticides  were  carried  out  in  drinl<ing  water  in  England  and 
Wales.  Seven  individual  pesticides  were  detected  above  this  le^/el  in  45  samples. ^^^ 
This  means  that  99.99  per  cent  of  all  samples  were  clear,  and  in  wery  instance  the 
concentrations  found  corresponded  to  exposures  far  smaller  than  those  known  to 
be  harmful  or  likely  to  affect  human  health,  and  this  raises  the  matter  of  whether 
once  you  have  established  a  mechanism  for  producing  a  pure  product,  in  this  case 
water,  and  you  have  set  down  regulations,  on  how  much,  you  should  spend  on  its 
monitoring?Nowthat  is,  asl  say  a  somewhat  heretical  view,  but  it  isonethati  am 
interested  in,  because  whata/er  we  are  looking  at  in  committee  somebody  will  say 
'Well,  we  should  be  doing  more  tests  to  see  if  X  orY  orZ  is  present.' 

The  second  point  following  from  that  is:  what  should  we  be  looking  for? There 
has  been  reference  this  afternoon  to  the  whole  business  of  nitrates  in  water  and 
the  suggestion  is,  as  you  all  very  well  know,  that  levels  of  nitrate  in  water  are 
linked  in  some  way  to  the  incidence  of  carcinoma  of  the  stomach,  there  being 
the  theoretical  possibility  that  nitroso  compounds  can  be  generated  in  the 
stomach  at  certain  concentrations  of  nitrate  in  humans.^"  I  notice  that  that's  all 
gone  very  quiet  now,  although  there  are  still  amounts  of  nitrate  in  our  water. 
M  atters  move  on.  The  final  twist  in  thistale,  which  fascinates  me  in  terms  of  the 
environment,  is  that  having  satisfied  ourselves  that  we  can  turn  the  tap  on  and 
drink  what  comes  out  of  it,  we  are  now  much  more  interested  in  what  is  again 
flowing  down  the  rivers,  and  whether  or  not  fish  can  live  in  theThames. 

'^^  A  third  inquiry  into  delayed  or  persistent  liealth  effects  of  the  1988  Camelford  water-poisoning 
incident,  was  set  up  by  the  Government  in  August  2001.  The  investigation  followed  vocal  campaigning 
by  residents  who  alleged  that  earlier  inquiries  did  little  more  than  'whitewash' the  incident,  in  which  a 
relief  driver  accidentally  poured  20  tonnes  of  aluminium  sulphate  into  drinking  water  at  a  South-west 
Water  treatment  works  The  water  served  people  in  north  Cornwall.  For  further  details  see  health  probe 
into  Camelford  poisoning  at  http://newsbbc.co.Uk/l/hi/uk/1490142.stm  (siteaccessed  29  M  arch  2004). 

^"  D  irective  89/778/E EC,  of  15  July  1980  with  its  62  measures  on  the'quality  of  water  intended  for 
human  consumption',  regulates  at  the  European  pesticide  level.  Since  1980  the  maximum  admissible 
concentration  for  pesticides  and  related  products  in  drinking  water  has  been  set  at  0.1  |ig/l  per 
substance  and  at  0.5  \igl\  for  the  sum  of  compounds.  SeeAltenburger  (1993). 

^^^  M  arrsT.  Personal  communication. 

"^  See,  for  example,  Dupontand  Cohn  (1980);  Pobeleta/.  (1995). 
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Dayan:  You  have  raised  a  lot  of  issues  between  you,  these  two  mass  matrices  that 
we  all  need.  I  wonder,  Bob  [Maynard],  if  you  were  perhaps  a  little  unkind  on  the 
air  pollution  side  and  that  there  have  been  attempts  over  many  hundreds  of  years 
to  control  it  for  various  reasons,  perhaps  more  aesthetic  than  toxicologically  based, 
but  you  brought  up  the  question  of  cost  and  benefit.  N  ow  we  ought  not  to  turn 
this  into  a  seminar  on  political  economics,  but  you  raised  seriousdifficulties  in  how 
you  calculate  the  cost  and  benefit  in  the  same  measuring  system. 

Maynard:  That's  correct.  M  ay  I  say  a  word  about  the  earlier  history  if  you  like? 
You  are  quite  right,  of  course,  that  there  had  been  attempts  to  control  levels  of 
air  pollutants,  although  it's  fairer  to  say  that  there  had  been  attention  drawn  to 
the  undesirability  of  air  pollution,  rather  than  attempts  made  to  control  it.  I 
think  that's  true.  As  you  know  we  have  [John]  Evelyn's  diary  and  also  his  book 
Fumifugium,  or,  the  inconvmimce  of  the  aer  and  smoake  of  L  ondon  disapated  from 
1660  or  thereabouts. ^^^  Yes,  a  great  deal  was  known  about  it  then.  The  Coal 
Smoke  Abatement  Society  began  in  the  1890s, ^"  the  Sherlock  H  olmes  era,  the 
Jack  the  Ripper  period  in  London,  heavysmog,  and  that's  the  year  or  thereabouts 
(1903)  that  the  word  'smog'  was  first  coined. ^^^ 

There  was  a  good  deal  known  about  air  pollution,  but  despitethefact  that  there 
were  very  cold  winters  in  the  late  1890s,  and  very  high  la/els  of  pollution  indeed 
in  London,  no  one  noticed  until  1952,  I  think,  that  there  were  so  many  deaths 
occurring.  My  colleague,  Robert  Waller,  always  told  me  that  it  wouldn't  have 
been  noticed  in  1952  until  the  coffins  began  to  run  short.^^^  I  don't  know 
whether  that's  true  or  not.  But  it's  an  interesting  point  that  if  100  more  people 
die  in  London  on  a  day  would  anybody  notice  it,  as  long  as  they  were  spread  out 
acrossthewholecity  of  course,  and  didn't  all  turn  up  in  Trafalgar  Square.  Would 
you  notice?T  he  answer  probably  is  that  you  would  not. 


Evelyn  (1661);  Bray  (1890). 

'"TheCoal  Smoke  Abatement  Society  began  in  1899.  SeeBooth  and  Kershaw  (1904). 

"°  In  1905  Dr  H  A  DesVoex,  a  member  of  the  Coal  Smoke  Abatement  Society  in  England,  used  the 
term  'smog'  to  describe  conditions  of  fuliginous  or  sooty/smoky  fogs  Smog  occurs  as  a  result  of  smoke 
particles  from  the  domestic  and  industrial  burning  of  coal  becoming  trapped  in  fog.  SeeWilkins(1954); 
Anderson  (1999).  See  also  www.vauxhallsocietyorg.uk/Fog.html  (site  accessed  29  November  2003). 

^^'  Dr  Dennis  Simms  wrote:  'The  shortage  of  coffins  was  recently  confirmed  by  a  member  of  the 
Leverton  family  (funeral  directors).'  Letter  to  Dr  Daphne  Christie,  30  November  2003.  See  also 
http://newsbbc.co.Uk/2/hi/health/2545747.stm  (site accessed  3  March  2004). 
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Simms:  The  earliest  legislation  is  somewhere  around  1250  I  think,  when  they 
tried  to  ban  the  burning  of  coal  in  London/^"  but  it,  like  most  acts,  never  came 
into  effect.  The  first  person  I  know  who  realized  there  was  a  link  between  air 
pollution  and  health  was  Roland  [Rollo]  Russell,  who  wasBertrand  and  Frank's 
uncle,  although  their  autobiographies"^  tend  to  write  him  off  as  a  hopeless 
person,  but  he  wasn't  hopeless  in  this  direction.  But  nobody  took  any  notice  of 
him,  as  Professor  M  aynard  said.  Professor  M  aynard  has  rightly  drawn  attention 
to  Sir  Gerald  Nabarro,  who  was,  I  think,  funded  by  some  of  the  insulation 
companies,  but  what  amused  me  when  I  discussed  in  the  Department  of 
Environment  about  how  the  act  had  gone  through,  was  that  civil  servants  took 
credit  for  putting  the  act  through,  rather  than  N  abarro."^  0  ne  of  the  reasons  it 
took  so  long  to  get  the  act  through  isthat  H  arold  Macmillan  didn't  want  it  to  be 
approved,  because  he  didn't  think  it  necessary 

But  as  I  said  earlier,  there  was  the  background  information.  The  Fuel  Research 
Station  in  Greenwich  had  collected  the  basic  data  by  then.  What  I  am  concerned 
about,  with  what  Professor  M  aynard  was  saying,  was  that  it  may  bethat  the  level 
of  particulates,  and  the  sulphur  has  gone  down,  but  if  you  walk  along  most 
streetsin  London  today  you  will  find  your  throat  catching,  because  the  pollution 
is  so  high.  Oneof  the  things  Leslie  Reed  wanted  to  do  when  he  was  in  charge  of 
this  area,"^  when  the  oil  money  came  on  stream,  was  to  treat  ourselves  to  an 
improvement  in  the  environment  of  London,  but  alas  nothing  came  of  it.  So 
although  the  levels  of  old-fashioned  pollutants  have  gone  down,  it  seems  to  me 
that  there's  a  very  nasty  cocktail  developing.  For  example,  both  my  grandchildren 
have  asthma  to  an  extent  that  their  father  never  did,  and  I  think  this  is  a 
problem.  It's  not  carcinogenicity  we  are  bothered  about,  but  other  effects."" 


"°  By  the  1300s,  the  acrid  smell  of  burning  coal  in  London  led  King  Edward  I  to  ban  its  use.  See 
Freese  (2003). 

"'  Dr  Dennis  Simms  wrote:  'See,  for  example,  My  Life  and  Adventures,  the  autobiography  of  John 
Francis  Stanley  ('Frank'),  Earl  Russell  (1865-1931),  page  33, "...  my  uncle  Rollo  possessed  the  outward 
figure  of  a  man...  he  did  some  good  metereological  work... "  See  also  Russell  (1967);  24.'  Letter  to  D  r 
D  aphne  C  bristle,  30  N  ovember  2003. 

"^  Dr  Dennis  Simms  wrote  'This  remark  was  based  on  a  conversation  with  oneof  them.  The  senior 
civil  servant  whom  I  challenged  is  still  alive'  Letter  to  Dr  Daphne  Christie,  30  November  2003. 

"^  See  biographical  note  on  page  92. 

""Committee  on  the  M  edical  Effects  of  Air  Pollutants  (1995);  Reynolds  and  Tansey  (2001). 
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Dayan:  Another  aspect  of  the  curious  failure  to  act  in  the  area  of  air  pollution  is 
that  of  the  Alkali  I nspectorate/^^  which  was  well  aware  of  specific  problems  in 
many  areas,  but  took  a  remarkably  benign  view  of  them  for  a  long  while,  didn't  it? 

Lovelock:  Just  a  small  point  in  this  cost  and  benefit  debate.  It  may  not  be  well 
known  thatthesum  total  of  air  pollution  in  Europe,  by  sulphur  compounds,  has 
an  appreciable  climatic  effect.^^'  It  reduces  global  warming  quite  significantly 
although  whether  you  want  to  call  that  a  benefit  I  don't  know. 

Dayan:  Well,  a  negative  detriment  can  be  a  positive  benefit,  I  suppose. 

Maynard:  There  are  several  points  raised  by  DrSimms.  On  the  question  of  the 
traffic-generated  air  pollution  you  are  quite  right,  of  course.  In  a  way  it  has 
replaced  the  coal  smoke-generated  air  pollution,  but  the  levels  of  nitrogen 
dioxide  that  many  people  point  to  from  cars,  and  carbon  monoxide  in  London, 
are  coming  down  atthemomentand  they  have  been  coming  down  for  a  while."' 
The  reason  is  that  all  new  cars  in  the  UK  since  1993  have  been  fitted  with 
catalytic  convertors.  But  your  point  about  your  throat  being  affected,  there  is 
something  in  that  and  I  don't  know  the  answer  to  it,  but  we  get  complaints  in 
the  UK  every  summer  that  the  air  has  an  irritant  capacity  and  people  complain 
that  their  eyes  smart  and  that  they  cough.  Wehavehad  a  number  of  possibilities 
raised:  aldehydes  (acrolein),  formaldehyde.  We  have  been  round  these  with  our 
advisory  committees  and  when  you  measure  the  levels  they  are  much  lower  than 
you  would  expect  to  produce  an  effect. 

For  what  it's  worth,  my  own  guess  is  that  fresh  diesel  exhaust  is  an  irritant,  and 
by  the  time  you  collect  it  and  take  it  to  the  laboratory  to  analyse  it,  it's  not  the 
same  as  it  was  soon  after  emission  from  the  vehicle.  We  know  that  the  aerosol 
ages  quickly  and  that  the  particle  size  distribution  changes  quickly  in  the  air 
because  of  aggregation. 

The  cost-benefit  analysis  point  is  what  I  wanted  to  come  to.  We  are  now 
doing  cost-benefit  analysis  on  the  air  quality  strategy  for  the  U  K,  and  it's 

"^  Professor  Anthony  Dayan  wrote:  'The  Government  Inspectorate  established  under  the  Alkali  Act 
1863  initially  was  to  control  emissions  from  the  manufacture  of  hydrochloric  acid  and  soda  ash.'  Note 
on  draft  transcript,  28  N  ovember  2003. 

"■^  Professor  James  Lovelock  wrote:  'Theeffect  of  the  aerosol  haze  on  climate  is  discussed  inthelPCC 
report  [Watson  (2001)].  It  is  thought  to  cool  surface  temperatures  during  the  European  summer  by 
approximately  2-3°C.'  Letter  to  Dr  Daphne  Christie,  9  December  2003. 

^"  See  Maynard  and  Waller  (1999);  Ackerman-Liebrich  and  Rapp  (1999).  See  also 
www.defra.govuk/environment/statistics/airqual/  (site accessed  2  December  2003). 
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important  not  to  confuse  cost-benefit  analysis  witii  cost-effectiveness 
analysis.  If  you  have  two  policies  and  they  both  produce  some  reduction  in 
the  number  of  deaths  occurring  per  year,  then  you  can  compare  them  simply 
in  terms  of  the  number  of  deaths  occurring  per  year,  if  you  follow  one  policy 
compared  with  the  other.  But  cost- benefit  analysis  is  much  more  difficult  and 
that's  where  you  turn  the  health  benefits  into  a  currency  that  can  be  compared 
with  that  used  to  measure  the  costs,  and  as  the  currency  used  to  measure  the 
costs  is  invariably  money  then  it's  important  to  try  to  turn  the  benefits  into 
financial  terms  as  well. 

That  means,  at  least  in  the  lay  mind,  that  you  are  valuing  lives.  Wesaveso  many 
lives,  therefore  we  save  so  many  pounds  sterling  and  there  is  something 
repugnant  about  that  to  many  people.  Attempts  have  been  made  to  do  it  using 
willingness-to-pay  analysis,"^  and  these  have  become  more  sophisticated.  When 
I  wasfirstasked  what  I  thought  about  willingness-to-pay  analysis  my  answer  was, 
'Well,  who  are  you  asking  meto  be  willing  to  pay  for?'  If  it'smy  wife,  then  most 
days!  would  payquitealot,  if  it  was  my  colleagues  in  the  Department  of  Health, 
most  days  I  would  pay  rather  less.  That's  not  how  they  do  it,  they  do  it  in  a  much 
more  sophisticated  way  than  that,  asking  people  how  much  they  would  be 
willing  to  pay  to  reduce  their  risks  from  traffic  accidents  or  from  aeroplane 
accidents.  The  Department  of  Transport  routinely  uses  cost- benefit  analysis  to 
decide  in  the  straightening  of  roads,  dealing  with  bends;  crashes  are  or  were 
costed  at  about  £750  000  if  somebody  dies.  We  are  struggling  with  that  in  the 
air  pollution  field  now.  We  have  had  a  cut  at  it,  but  we  haven't  brought  ourselves 
to  put  the  benefits  in  monetary  terms  yet,  but  I  believe  we  soon  will  have  to. 

Dayan:  Briefly  in  self-defence,  in  away  the  cost-benefit  analysis  is  vital,  it  has  to 
comedown  to  financial  terms  eventually  but  as  we  well  know  from  all  the  work 
that's  been  done  by  the  Department  of  Transport  and  other  groupsin  thiscountry 
and  elsewhere,  you  end  up  with  a  series  of  figures  which  become  hopelessly 
skewed  by  the  other  factors  that  influence  people's  assessment  of  risk  and  its 
acceptability:  £300  million  per  lifesaved  for  changing  some  minor  aspect  of  safety 
in  aeroplanes,  opposed  to  about  £100  000  that  we  are  willing  to  spend  with  great 
reluctance  on  certain  traffic-calming  methods,^^^  and  ignoring  thequestion  of  air 
pollution  produced  by  the  cars  going  more  slowly  and  changing  gear  more  often. 

"^  Professor  Robert  M  aynard  wrote:  '"W  illingness-to-pay"  is  used  as  a  description  of  a  technique  used 
by  economists  to  estimate  tlie  monetary  value  people  place  on  avoiding  risk.'  Note  to  Dr  Daphne 
Christie,  14  November  2003. 

"'  See,  for  example,  M  addison  and  Pearce  (1999). 
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Perhaps  that's  a  bit  of  a  side  issue,  but  it's  an  intriguing  one.  Water  seems  to  have 
managed  to  evade  many  of  these  cost-  benefit  considerations  that  you  have  brought 
out,  Professor  Woods.  I  don't  l<now  how  or  why  but  it  hasjust  happened.  Yet  again 
you  were  quoting  the  EU  directive  on  drinl<ing  water  with  pesticide  limits,  which  of 
course  were  set  on  the  basis  that  the  politicians  bdia/ed  that  th^  were  setting  a  limit 
of  no  detectablepesticideatthetimewhen  thosefigureswerefirst  produced.  Wehave 
gone  way  beyond  that  now  in  the  le/ds  we  can  detect  the  pesticides  but  we  sticl<  to 
thesamelimitsforfearof  the  arguments  if  we  try  to  change  them,  I  guess. 

Woods;  Chairman,  there's  another  problem  of  course;  in  this  seminar  we  are 
discussing  air  and  water  separately  What  we  have  to  remember,  particularly  in 
relation  to  pesticides,  is  that  of  course  we  are  not  singly  exposed  to  pesticides 
only  from  water,  but  from  a  number  of  different  sources,  including  food,  the 
carpets  that  we  walk  on,  the  pets  that  we  treat  in  the  household  for  various 
infestations,  and  therefore  it's  aggregate  exposure.  One  thing  that  is  always 
forgotten  with  a  single  commodity  and  the  purity  of  that  single  commodity 
when  examined,  is  that  it  is  only  part  of  a  very  large  exposure  network. 

The  other  thing  that's  always  forgotten  isfirstlythat  water  is  a  very  good  solvent, 
it  will  also  dissolve  organic  compounds,  thoseof  you  who  did  any  chemistry  will 
remember  that,  but  not  to  the  same  extent  as  ionic  compounds.  T  here's  also  a  lot 
of  it  in  our  environment,  we  live  in  a  country  that  has  a  very  high  rainfall.  This 
isjustan  anecdote,  but  I  was  alarmed  on  Saturday  to  seea  large  boat  in  the  main 
car  park  of  a  synagogue  in  a  large  industry  city  up  north,  and  I  wondered 
whether  they  knew  something  that  I  didn't  in  view  of  what  is  happening  to  the 
rainfall.  There's  also  another  matter  that  I  haven't  heard  discussed  this  afternoon, 
that  is  that  we  are  rather  like  dogs  in  this  country;  we  like  burying  rubbish,  and 
we  are  the  largest  under-the-ground  buriersof  rubbish,  I  think,  in  Europe.  Not 
all  of  those  sites  are  waterproof  so  there  is  potential  for  water  to  be  a  carrier  of 
chemicals  and  other  substances  that  are  deleterious  to  human  health,  but 
fortunately  the  evidence  so  far  in  thiscountry  is  that  that  is  not  a  major  matter. 

Johnson;  A  number  of  points  and  questionsto  Professor  M  aynard.  T  his  morning 
Ken  Livingstone  proudly  announced  that  second  only  to  Athens,  London  now 
had  the  worst  air  of  any  major  city  in  Europe.""  It  will  be  interesting  to  have  a 
comment  on  that. 


"°  London  Evening  Standard,  12  M  arch  2002.  For  a  copy  of  the  M  ayor  of  London's  draft  of  the  capital's 
first  Air  Quality  Strategy,  see  www.edie.net/news/Archiv^3785. html  (site  accessed  12  December  2003). 
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I  havejust  got  a  coupleof  Other  things  to  say.  Oneof  the  things  I  think  isgoingto 
drive  air  pollution  policy  over  the  next  decade  is  going  to  be  our  response  to  global 
warming  as  a  country  and  as  a  part  of  a  group  of  countries  in  the  EC .  I  am  quite 
convinced  that  a/en  realizing  the  Kyoto  commitments  of  an  8  per  cent  reduction 
by  2012  on  1990  levels™  is  going  to  produce  an  revolution  in  air  pollution  one 
way  or  another,  because  as  you  reduce  greenhouse  gases,  and  the  H  C  FC  s  and  the 
CFCstherewill  be  some  l<nock-on  effects,  and  we  have  already  seen  itofcoursein 
the  fridge  mountai  n."^  W  hy  is  there  a  fridge  mountain?  Because  we  have  been  not 
able  to  get  rid  of  the  freons  by  discarding  the  fridges,  and  so  I  think  this  is  going 
to  be  quite  dramatic  in  terms  of  air  pollution  policy  H  ow  we  deal  with  global 
warming  and  how  it  will  end  up,  whether  dealing  with  global  warming  will  lead  to 
an  increase  in  other  pollutants  remainsto  be  seen,  including  air  pollutants. 

A  coupleof  other  points.  If  you  look  back  over  the  1960s  and  1970s  I  think  one 
forgetstheinfluenceof  theC  lean  Air  Society™  Weare very  used  to  lobby  groups 
now  like  Greenpeace  and  Friends  of  the  Earth,  but  the  Clean  Air  Society  did  a 
rather  brilliantjob  over  a  period  of  years  pushing  for  legislation  and  achieving  it, 
going  about  it  in  a  fairly  gentleman- 1  ike  way. 

If  I  could  just  mention  a  coupleof  things  on  water  pollution?The  intriguing 
thing  about  the  current  nitrate  controversy,  because  I  think  it  really  will  be  a 
controversy,  is  as  a  result  of  the  EU  's  efforts  to  produce  a  first  directive  dealing 
with  nitrate  load  in  the  environment  as  a  whole,  not  so  much  linked  to  the 
human  health  issue.™  You  might  call  it  the  first  ecological  quality  standard 


The  1997  Kyoto  treaty  on  greenhouse  gas  emissions  requires  the  USA  to  reduce  its  emissions  by 
7  per  cent  below  1990  levels,  the  European  Union  by  8  per  cent  and  Japan  by6  percent.  For  further  details 
see www.pbsorg/newshour/forum/december97/kyoto_12-12. html  (site accessed  12  December 2003).  See 
also  www.unfcccint/resourc^docs/convkp/kpeng.html  (site  accessed  14  January  2004).  Further  details  are 
provided  in  a  note  from  M  r  Stanley  Johnson  to  Dr  Daphne  Christie,  12  December  2003. 

"'  See  note  98. 

™The  National  Society  for  Clean  Air  was  a  non-governmental  organization  and  charity  founded  in 
1899  which  campaigned  for  the  removal  of  visible  smoke,  particularly  from  coal,  from  the  urban 
landscape  M  r  Stanley  Johnson  wrote:  'Now  renamed  as  the  National  Society  for  Clean  Air  and 
Environmental  Protection  (N  SCA),  with  the  objectives  of  promoting  clean  air  through  the  reduction 
of  air,  water  and  land  pollution,  noise  and  other  contaminants,  while  having  due  regard  for  other 
aspects  of  the  environment.  It  examines  questions  of  environmental  policy  from  an  air  quality 
perspective  and  aims  to  place  them  in  a  broader  social  and  economic  context.  It  organizes  conferences, 
workshops  and  seminars,  and  publishes  a  journal.'  Note  on  draft  transcript,  12  December  2003. 

""  See  Council  Directive  of  12  December  1991  concaning  the  protection  of  waters  against  pollution 
caused  by  nitrates  from  agricultural  sources. 
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directive  we  have  had.  Of  course  part  of  that  was  stimulated  by  the  situation  in 
H  olland  where  you  have  so  many  pigs  per  square  metre,  you  can  practically  smell 
the  pollution  on  the  east  coast  of  the  UK  coming  over  the  Channel,  so  I  think 
that's  going  to  be  a  really  intriguing  debate. 

Another  question  to  Franl<  Woods:  is  it  absolutely  too  late,  in  investment  terms, 
to  reverse  this  idea  of  putting  all  our  solid  wastes  into  the  water?  It  has  always 
struck  me  as  being  a  most  extraordinary  idea  that  we  do  it,  but  is  it  possible  to 
imaginegoing  back  to  apre-Chadwick  system  here?  Are  we  condemned  to  have 
a  situation  where  sewage  and  drinking  water  are  always  combined? 

Woods:  I  hope  sewage  and  drinking  water  aren't  always  combined.  It's  an 
interesting  point.  I  must  stress  that  I  am  not  an  expert  in  this  area,  but  as  an 
observer  of  this,  we  do  do  some  work  on  chemical  contamination  of  water.  The 
whole  matter  of  how  we  deal  with  sewage  in  this  country  has  become  a  matter 
of  aesthetics,  not  necessarily  a  matter  primarily  driven  by  public  health.  It  relates, 
of  course,  to  the  beaches  and  the  sea  around  the  coast,  and  there  is  continual 
pressure  leading  to  substantial  expenditureon  further  treatment  of  sewage,  rather 
than  dumping  it  raw  into  the  oceans.  That,  of  course,  is  the  last  aspect  of  this, 
because  what  we  put  into  our  rivers  -  and  we  still  put  quite  a  lot  of  inorganic 
and  organic  compounds  into  our  rivers  -  ends  up  in  the  sea.  We  are  a  country 
that  does  depend  on  theseaforpart  of  ourfood,  and  therefore  it  enters  the  food 
chain,  in  fish  which  themselves  concentrate  certain  of  these  chemicals,  both 
inorganic  and  organic,  so  it  isa  very  complex  chain. 

Farmer:Just  a  quick  point.  Fromatoxicological  point  of  view  I  think  this  debate 
emphasizes  how  important  it  is  that  we  know  more  about  the  dose- response 
relationship  at  these  low  doses  of  exposure,  because  if  you  don't  know  what 
happens  you  are  not  then  going  to  be  able  to  calculate  the  positive  health  effect 
of  the  effort  involved  in  reducing  exposure  levels.  Over  the  last  30  years  or  so,  I 
think  there  have  been  dramatic  advances  for  some  types  of  compounds  like 
genotoxic  carcinogens,"^  but  the  situation  for  biomarkers  for  nongenotoxic 
carcinogens  is  not  nearly  so  clear  and  in  this  case  of  course  we  are  saying  that 
there  may  well  beathresholdof  that  exposure  wherethere's  no  risk.  I  just  wanted 
to  emphasize  that  I  think  it's  really  important  that  we  keep  the  research  side 
going  for  the  study  of  these  low  dose- response  relationships. 

"^  Professor  Peter  Farmer  wrote:  The  initiation  stage  of  carcinogenesis  for  genotoxic  carcinogens  is 
believed  to  be  tlie  interaction  of  tfie  compound  witli  DNA.  For  genotoxic  carcinogens  it  is  normally 
assumed  that  there  is  no  discernible  threshold  and  any  level  of  exposure  carries  some  degree  of 
carcinogenic  risk.'  N  ote  on  draft  transcript,  24  N  ovember  2003. 
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Maynard:  C  hairman,  a  number  of  points.  I  am  too  old  a  dog  to  be  drawn  on  the 
question  of  winetlner  London  is  the  second  worst  city  in  Europe.  It  depends,  I 
guess,  on  what  figures  are  used  in  termsof  averaging  times,  because  that's  usually 
the  problem  with  these  comparisons.  Athens  and  all  southern  European  cities 
have  very  high  ozonelevelsand  that'ssimplyduetosunlight.Theyalso  havehigh 
particle  levels,  and  that's  due  to  diesel  vehicles  on  the  whole.  I  am  not  sure 
whether  we  are  second  to  the  others.  You  also  raised  a  point  about  global 
warming,  and  that  is  an  important  point  certainly,  and  so  is  our  policy  on  waste 
disposal,  which  you  touched  on  in  thediscussion  going  back  to  apre-Chadwick 
approach.  As  I  understood  this,  it  was  that  you  chucked  waste  in  the  street  and 
walked  on  it.  Gardez/'eeu,  Chairman,  and  that  wasn't  what  you  meant,  of  course. 
We  want  a  better  solution  than  chucking  it  in  the  street. 

The  new  European  directive  on  waste  disposal^^^  is  going  to  force  us  down  the 
incineration  route  and  away  from  land  fill,  and  that  means  that  the  problem  of 
waste  disposal  will  become  mine,  because  incinerators  cause  air  pollution,  and 
not  Frank's,  where  waste  burial  might  cause  water  pollution.  Thank  you  for  the 
problem!  The  real  difficulty  is  that  we  are  in  at  low  levels,  and  it's  Peter  Farmer's 
point  about  the  effects  at  these  la/els  and  therefore  can  the  benefits  be  calculated? 
Our  recent  evidence  is  all  based  on  onesort  of  epidemiological  study"' We  do  not 
knowthetoxicological  mechanisms  by  which  low  levels  of  ozone,  particles,  sulphur 
dioxide,  nitrogen  dioxide  or  carbon  monoxide  actually  affect  health.  All  standard 
toxicology  would  say  that  at  the  iB/els  we  see  today  there  would  be  no  effect  on 
health,  and  yet  the  modern  epidemiological  techniques  ra/eal  effects  at  these  la/els 
and  allow  us  to  draw  dose- response  curves.  We  are  in  grave  difficulties,  and  we 
certainly  do  need  more  research  on  it.  The  question  of  whether  the  country  has  the 
capacity  to  pay  for  the  level  of  safety  that  is  currently  desired,  or  is  asserted  to  be 
desired  by  some  people,  I  think  is  a  terribly  important  and  very  deep  question.  I 
am  beginning  to  think  that  it  is  not  sustainable.  The  cost  will  become  extremely 
high  and  will  be  difficult  to  maintain  from  public  resources. 

I  am  reminded  of  an  anecdote  I  heard  from  M  r  Sidney  Weighell,  who  some 
people  here  will  remember  was  in  chargeof  the  Railway  Workers'  Union  at  the 
time  [1975].  H  is  father  had  been  a  railwayman  as  was  his  grandfather  before 
him.  On  retirement  he  was  asked  some  questions  on  television  and  commented 
on  thestateof  the  railways  (and  this  is  not  an  exact  quotation,  so  I  wouldn't  want 

"'  See,  for  example,  www.europa.eu.int/comm/environment/waste/index.htm  (site  accessed  2 
December  2003). 

"'  See  Samet  and  Jaal<l<ola  (1999). 
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to  be  held  to  account  for  it)  but  I  think  his  point  was  that  you  cannot  run  the 
sort  of  railway  that  most  people  would  lil<ewithout  a  very  large,  very  underpaid 
workforce,  and  that's  exactly  what  we  had  in  this  country,  when  we  had  the  sort 
of  railway  that  all  middle-class  people  liked.  They  could  look  up  in  their 
Bradshaw"^  when  the  train  would  be  leaving  King's  Cross  for  Edinburgh,  there 
were  fires  in  the  waiting  rooms,  there  were  men  to  carry  your  bag  to  the  train, 
somebody  to  give  you  a  rug  and  to  hand  in  the  hamper.  If  you  had  to  pay  for 
that  now  at  a  reasonable  rate,  you  would  choose  not  to  pay  for  it,  and  would 
board  the  train  under  your  own  steam. 

Lovelock:  I  was  prompted  to  comment  on  the  Ken  Livingstone  remark, 
comparing  London  and  Athens.  I  think  it's  much  more  sensible  to  look  at  most 
of  Europe  as  one  large  city  I  have  measured  air  pollution  even  in  places  such  as 
far-western  Ireland.  0  zone  there  can  be  way  above  the  E  PA  safety  limits-  100 
parts  per  billion  of  ozone  is  not  unusual.™  Air  pollution  is  everywhere,  all  over 
Europe  and  singlingoutcitiesisnot  really  wise.  The  other  point  is  about  sewage. 
In  my  experience  living  in  a  rural  area,  theoutput  of  sewage  from  farms-  cattle 
effluent  -  so  exceeds  anything  human  that  it's  almost  ridiculous  to  fret  about 
what  people  are  doing,  when  one  considers  what  farmers  are  doing  with  their 
cattle,  and  the  practice  of  slurry  farming,  where  you  have  more  cattle  than  you 
would  normally  put  on  a  piece  of  land  and  you  usethe  piece  of  land  asadisposal 
sitefor  their  effluent,  is  dreadful,  especially  in  a  country  with  increasing  rainfall. 
Itall  goesinto  rivers.  The  fish  in  the  river  where  I  livehaveall  died  long  ago,  and 
oxygen  levelsgo  down  to  zero  in  wintertime.  This  used  not  to  be  the  case  when 
farmers  put  nitrates  on  the  field. 

Dayan:  It  is  intriguing  and  I  don't  know  how  it  can  readily  be  dealt  with,  but  air 
pollution,  as  you  say,  has  to  be  dealt  with  on  at  least  a  continental  level,  the 
political  unit  has  to  be  enormous.  Water  for  the  moment,  at  least  in  thiscountry, 
isoneof  the  benefits  of  being  an  island,  isn't  it?Wecan  deal  with  it  on  anational 
basis  perhaps,  although  I  don't  know  how  long  that  will  continue  either. 

Simms:  First  of  all,  I  have  remembered  the  one  incident  of  water  being  polluted 
by  sewage  that  occurred  in  my  time  A  group  of  doctors  used  to  dinetogether  in, 
I  think,  Yorkshire.  Th^  noticed  an  increase  in  cases  of  diarrhoea  and  informed  the 
local  water  board.  It  was  discovered  that  the  farmers^  sewage  was  going  past  four 

""Bracfsfiai/v'sGu/cfe  is  a  detailed,  national,  UK  railwaytimetable,  first  published  1839,  in  print  until  1939. 

™T  he  Environmental  Protection  Agency  (EPA)'s  N  ational  Ambient  Air  Q  uality  Standard  for  ozone  is 
a  maximum  eight-hour  average  outdoor  concentration  of  0.08  parts  per  million  (or  80  parts  per 
billion).  See  Cox  fit  a/.  (1975). 
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wells  and  the  sampling  that  the  local  water  authority  had  devised  meant  that  only 
threeof  the  wellswere  tested.  I  don't  know  quite  how  this  happened,  butthesewage 
was  running  into  the  fourth  well,  which  was  the  one  that  wasnt  being  tested.  That 
was  the  only  case  I  remember  being  brought  to  headquarters  in  about  15  years,  but 
that  was  tummy  ache  only  I  think  I  have  to  disagree  with  you.  Chairman,  about 
water  pollution  and  isolation.  Therearea  number  of  international  conventions  that 
control  whatwecan  let  out  of  our  estuaries  and  rivers.  Firstly  therearetheOslo  and 
Paris  Conventions,  now  called  theOSPAR  Convention, ^^°  which  severely  limits 
what  you  can  discharge;  the  London  Dumping  Convention, ^^^  which  is  global 
and  a  subject  that  hasn't  been  raised  very  much  today;  there  was  the  IMO 
[International  Maritime  Organization]  Convention,  I  think  it  was  in  1974,  that 
dealt  with  oil  pollution. ^^^  So  thereisa  whole  series  of  conventions,  which  grew 
out  of  the  Stockholm  conference  in  the  early  1970s.  There  are  also  obligations 
under  the  third  UN  Law  of  the  Sea  Convention. ^^^  We  can't  discharge  what  we 
like,  but  what  we  do  discharge,  there  is  control  in  that  respect  at  any  rate. 

Dayan:  Sorry.  Inadvertently  I  gave  the  wrong  impression  -  it'sa  long  whilesince 
we  suffered  from  the  foaming  rivers  due  to  the  inappropriate  detergents. 

Corcoran:  I  am  going  to  adopt  the  rather  unpopular  position  of  defending 
farmers.  I  think  they  have  been  getting  a  fair  amount  of  stick  in  this  meeting. 
Agriculture  is  not  the  only  source  of  pollution  even  by  pesticides.  Large 
quantities  of  pesticides  are  used  for  nonagricultural  purposes,  often  by  local 
authorities  on  parks,  gardens  and  particularly  roads,  and  whoever  owns  the 
rail  ways  nowadays  uses  a  fair  amount  to  control  weedson  rail  tracks.  Soquitealot 
of  the  pollution,  particularly  of  surface  and  ground  water,  has  come  from 

™  Dr  Dennis  Simms  wrote:  TheOSPAR  Convention  is  the  combination  of  theOslo  Convention, 
which  has  the  same  objectives  as  the  London  Dumping  Convention,  and  the  Paris  Convention  (see 
note  196).'  Letter  to  D  r  D  aphne  C  hristie,  19  February  2004. 

'"  The  London  Dumping  Convention  (Convention  on  the  Prevention  of  JVlarine  Pollution  by 
Dumping  of  Wastes  and  Other  M  atters),  1972,  was  established  to  control  pollution  of  the  sea  by 
dumpingof  wastes  that  could  create  hazards  to  human  health  or  harm  living  resources  and  marine  life, 
damage  amenities,  and  interfere  with  other  legitimate  uses  of  the  sea.  See  also 
www.imo.org/Conventions/  and  www.unep.ch/seas/main/legal/llondon.html  (sites  accessed  4  M  ay 
2004).  International  Maritime  Organization  (1991). 

"^  International  Convention  relating  to  Intervention  on  the  High  Seas  in  Cases  of  Oil  Pollution 
Casualties  (Intervention),  1969  (1975);  Protocol  of  1973  (1983). 

^"^  For  an  overview  and  full  text  of  the  United  Nations  Convention  on  the  Law  of  the  Sea  of  10 
December  1982  seewww.un.org/Dept^lo^convention_agreementE/convention_overview_convention.htm 
(site accessed  12  December  2003). 
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nonagri cultural  use  of  pesticides.^*''  Contracts  often  specify  that  no  weeds  must 
appear  within  a  specified  period,  such  as  nine  months,  so  there  has  been  an 
incentive  to  use  large  quantities  of  herbicides.  We  must  remember  that  there  are 
other  sources  of  pesticide  pollution  than  agriculture  Recently,  of  course,  the  whole 
of  farming  has  been  under  scrutiny  following  BSE  and  foot  and  mouth  disease."^ 
This  includes  the  recent  Curry  Report,^*^  which  suggested  that  the  whole 
emphasis  of  farming  policy  should  swing  away  from  intensive  food  production 
towards  protection  of  the  environment,  resulting  in  reduced  useof  pesticides  and 
fertilizers,  and  perhaps  more  land  going  to  set-aside  or  being  used  as  wildlife 
reserves.  So  there  are  overarching  policy  moves  away  from  some  practices  that 
have  caused  pollution  in  the  past. 

Dayan:  Going  back  to  the  Oslo  and  the  Paris  Conventions  in  the  mid-1970s 
both  affected  to  a  great  extent  what  was  released  into  water.  But  what  led  to  those 
conventions-  why  did  countries  accept  those  constraints? 

Simms:  I  wasn't  directly  concerned  with  the  origins  of  the  Oslo  or  Paris 
Conventions,  but  I  was  concerned  with  the  London  Dumping  Convention  and 
the  M  arine  Pollution  Convention,^"  in  as  far  as  I  can  make  out  there  was  a 
general  worry  that  the  seas  were  becoming  polluted.  Peter  Walker,  who  was  the 
M  inister  of  the  Environment  at  the  time,  made  an  offer  at  Stockholm  to  hold  a 
meeting  on  dumping  in  London.  Behind  all  this  there  was  the  UN  Third  Law  of 
the  Sea  Conference^**  and  that  too  had  had  a  section  on  the  prevention  of  marine 
pollution.  That  was  due  to  a  M  altese  professor  whose  name  now  escapes  me,  who 
made  a  long  speech  at  the  UN  on  the  dangers  to  the  marine  world  and  as  a  result 
the  conference  was  set  up.  The  Baltic  Convention  was  the  result  of  the 
Scandinavians  getting  extremely  angry  at  the  amount  of  untreated  sewage  washing 
up  on  their  shores  from  Leningrad,  as  it  was  then.  T  here  was  also  a  Mediterranean 
Convention  on  the  Prevention  of  M  arine  Pollution  that  was  set  up,  because,  as  I 

™  Department  of  the  Environment,  Central  Unit  on  Environmental  Pollution  (1974). 

^"^  See  Reynolds  and  Tansey  (2003). 

"'The  Policy  Commission  on  the  Future  of  Farming  and  Food  was  established  in  2001  to  advise  the 
Government  on  how  to  create  a  sustainable,  competitive  and  diverse  farming  and  food  sector,  chaired 
by  Sir  Donald  Curry  See  Policy  Commission  on  the  Future  of  Farming  and  Food  (2002).  For  further 
details  see  www.epolitix.com/data/companies/images/Companies/Countryside-Agency/Curryhtm 
(site  accessed  2  December  2003).  For  the  full  terms  of  reference  of  the  Policy  Commission  see 
www.defra.govuk/farm/sustain  (site  accessed  3  M  arch  2004). 

'"  See  note  181. 

'''  See  note  183. 
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say,  peoplewerejust  becoming  concerned.  If  you  likeitwasjustazetga'stasfaras 
I  could  make  out  and  I  wasn't  happy  with  it,  I  was  being  kept  too  busy! 

Hunter:  I  would  just  like  to  say  something  about  the  survival  of  patients  with 
chronic  lung  disease  during  fogs  and  smogs.  In  the  late  1950s  and  early  1960s 
during  heavy  fogs  and  smogs,  it  was  not  unusual  for  there  to  be  20  or  more 
patients  with  respiratory  failure  on  trolleysin  corridors  of  the  Central  M  iddlesex 
Hospital  in  north-west  London.^^' The  majority  were  chronic  bronchiticsmany 
of  whom  had  chronic  CO  2  retention.  Quite  a  few  of  these  patients  would  have 
been  killed  by  the  administration  of  unrestricted  oxygen.  That  they  survived  was 
largely  due  to  the  work  of  a  single  man:  D  r  M  oran  Campbell.  H  e  studied  the 
effects  of  chronic  CO  2  retention,  which  led  to  the  development  of  the  Venturi 
mask,""  which  delivers  precisely  graduated  percentages  of  oxygen  in  to  the 
patient's  inspired  air.  He  subsequently  became  the  first  Professor  of  Medicine  at 
McM  aster  University  in  Kingston,  Ontario,  Canada. 

If  I  can  briefly  go  back  to  what  was  said  about  the  development  of  knowledge 
about  how  dangerous  polluted  water  was.  An  absolutely  key  figure  in  that  area 
was  the  medical  statistician,  Dr  William  Farr,  who  published  a  study  in  which  he 
measured  mortality  from  water-borne  disease  in  London  according  to  the 
altitude  above  the  Thames,™  in  about  1850.  This  was  one  of  the  things  that 
stirred  Sir  Edwin  Chadwick,  whose  great  by-word  was  'circulation  not 
stagnation',  and  he  got  together  with  a  very  very  remarkable  man,  Joseph 
Bazalgette,  who  constructed  the  main  sewage  system  of  London."^  I  don't  know 
if  any  of  you  have  ever  seen  a  map  of  that,  but  at  least  two  of  these  sewers  are 
actually  longer  than  some  of  the  longer  London  Underground  lines. 

Maynard:  I  was just  going  to  contrast  the  position  in  theair  pollution  field  with 
the  position  in  the  water  field  at  the  moment.  In  theair  pollution  field  we  have 
new  epidemiological  methods,  which  has  allowed  ustodetecteffectsof  very,  very 
low  concentrations.  Effects  that  in  toxicological  terms  we  can't  understand.  But 

^"^  Dr  Peter  Hunter  wrote:  'I  did  a  three-month  clinical  attachment  there  as  a  student  during  my 
clinical  years  at  the  M  iddlesex  H  ospital,  between  1960  and  1963.  The  Clean  Air  Act  of  1956  gave 
powers  to  the  Alkali  Inspectorate  to  ensurethat  the  best  practicable  means  of  prevention  of  emissions 
"of  dark  smoke,  grit  or  harmful  gasej?',  were  put  into  operation.  These  new  responsibilities  extended 
the  Alkali  Acts  to  cover  11  more  classes  of  works,  with  effect  from  1  June  1958  [see  Hunter  D  (1978): 
151-2].'  Note  to  Dr  Daphne  Christie,  25  November  2003. 
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See  the  G  lossary  page  97. 

See  Farr  (1856):  74-99. 

Chadwick  (1842);  Bazalgette  (1864-5).  See  also  Farr  (1867-8);  Halliday  (2001). 
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in  the  water  field  it  seems  to  me  that  you  have  measurements  of  very,  very  low 
levels  of  compounds  that  are  known  to  be  toxic,  but  you  don't  have  methods  to 
detect  whether  effects  are  occurring  in  the  population.  I  wonder  why  that  is? 
Why  has  the  air  pollution  field  been  particularly  favoured  (if  that's  the  word) 
with  this  epidemiological  advance? 

Woods;  I  don't  want  to  rise  to  that  point.  It'snot  just  water.  Bob  [Maynard],  as 
you  know.  We  are  hampered  in  relation  to  chemical  toxicity,  as  we  alluded  to 
earlier  this  afternoon,  by  the  lack  of  markers  of  effect.  We  are  also  hampered  to 
some  extent-  and  there'sa  report  coming  out  very  shortly  on  this  subject"^-  by 
the  methodology  for  aggregating  the  exposure  from  various  sources  for  a 
common  set  of  compounds,  for  example  pesticides.  We  are  very  good  at 
concentrating  on  pesticides  in  water  or  in  food,  but  what  we  are  not  so  good  at 
is  aggregating  these  effects  across  the  whole  of  the  human  exposure.  To  Dr 
Hunter:  if  you  look  at  thejanuary  edition  of  Med/ca/H/sfor/^'' you  will  seeavery 
good  paper  in  relation  to  Chadwick  and  the  statistics  that  you  mention,  and  the 
whole  criticism  of  Chadwick's  approach  to  living.  I  can't  remember  his  exact 
terminology  now,  but  there  was  criticism  of  the  way  in  which  he  used  statistics, 
and  the  way  he  derived  a  measure  of  human  survival."^ 

Johnson:  I  wish  I  was  Doctor.  Asjust  M  ister,  I  feel  very  humble  in  this  illustrious 
audience.  Taking  a  historical  perspectiveon  the  water  pollution  side,  I  think  it  is 
quite  interesting  to  see  how  much  we  do  owe  to  the  Paris  Convention.  I  was 
present  in  early  1974  at  most  of  the  negotiating  sessions  of  the  Paris 
Convention,"^  which,  surprisingly  enough,  took  place  at  the  CentreKleber.  The 
object  of  that  convention  was  and  is  to  control  land-based  pollution,  what  the 
French  call  pollution  tdlurlque.^'^^  The  annexes  of  the  Convention  document 
contain  the  usual  suspects  in  terms  of  the  well-known  chemicals  and  they  are 
more  or  less  the  same  on  any  list  of  chemicals  you  wish  to  control.  I  think  the 


A  report  of  the  Committee  on  Toxicity  (COT)  in  2003  on  multiple  pesticide  expoaire  See 
www.foodstandards.gov.uk/sdenc^research/chemsafety/tlOprog/iVersion=l  (site  accessed  10  M  arch  2004). 

"' H  aniey  (2002). 

"^  C  hadwick  (1842).  C  hadwick's  chosen  statistical  measure  -  the  average  age  at  which  a  given  class  of 
peopledied-  was  calculated  byaddinguptheagesof  all  who  died  and  dividing  the  total  by  the  number 
of  deaths. 

"'See  note  180.  The  Convention  for  the  Prevention  of  M  arine  Pollution  from  Land-based  Sources  (the 
'Paris  Convention')  was  opened  for  signature  in  June  1974  and  entered  into  force  in  1978. 

"'  Pollution  of  marine  waters  from  land-based  sources. 


64 


Environmental  Toxicology 

annexesarepretty  the  much  the  same  as  Oslo,  for  example,  barring,  I  think,  the 
question  of  radioactive  waste. 

But  what  I  wanted  to  get  at  was  the  Impact  of  the  Paris  Convention  on  the 
evolution  of  EU  water  pollution  policy.  Asadlrect  result  of  the  Paris  Convention 
and  of  the  fact  that  there  was  at  exactly  that  time  a  draft  convention  on  the 
pollution  of  the  Rhine  In  the  offing,  which  was  worked  out  within  the 
framework  of  the  Council  of  Europe  (not  to  be  confused  with  the  European 
Council)."^  Precisely  because  of  that  the  EU  cameforward  In  1976  with  Its  first 
directive  on  the  control  of  the  quality  of  dangerous  substances  discharged  Into 
water.  It  was  known  asthefamousEN  V  131  and  the  adoption  of  that  directive 
In  May  1976"^  set  the  scene  for  the  further  antipollution  policy. 

But  what  was  very  significant  was  the  very  hard-fought  battle  by  the  British,  and  It 
wasa  Labour  government  who  were  then  In  power,  because  we  are  talking  about  1976 
with  Dennis  Howell^™  In  the  lead,  asjunlor  minister  to  Peter  Shore  ^"^  They  said. 

Look,  we  do  not  believe  the  way  to  control  the  presence  of  toxic 
chemicals  In  the  environment  Is  through  emission  standards.  We 
believe  the  way  to  do  It  Is  through  the  setting  of  quality  objectives, 
and  we  want  to  have  that  opportunity  and  that  possibility  or 
proceed  on  that  basis.  We  do  not  want  to  be  told  that  we  have  to 
Impose  certain  emission  standards  on  our  Industries. ^°^ 

They  fought  and  they  fought,  and  finally  the  upshot  was  that  a  dual  approach 
was  agreed.  Finally,  there  has  been  a  recognition  In  the  last  few  years  that  both 

""  M  r  Stanley  Johnson  wrote:  The  Council  of  Europe  is  the  continent's  oldest  political  organization, 
founded  in  1949.  It  groups  together  45  countries,  including  21  from  central  and  eastern  Europe  It  is 
distinct  from  the  15  (soon  to  be 25)  nations  in  the  European  Union  (which  has  its  own  Council),  but 
no  country  has  ever  joined  the  Union  without  first  belonging  to  the  Council  of  Europe'  Note  on  draft 
transcript,  12  December 2003. 

™M  r  Stanleyjohnson  wrote  'ENV  131  was  the  symbol  under  which  the  draft  directive  was  discussed 
in  1975  and  1976  in  the  Environment  Working  Group  of  the  Council.  Adopted  on  4  May  1976  (OJ 
No.  L129  of  18/5/1976)  its  full  title  was  "The  directive  on  pollution  caused  by  certain  dangerous 
substances  discharged  into  the  aquatic  environment".'  N  ote  on  draft  transcript,  12  D  ecember  2003. 

™MrDennis(later  Lord)  Howell. 

^"  Secretary  of  State  for  the  Environment  from  1969  to  1979. 

™^  M  r  Stanley  Johnson  wrote:  'U  K  M  inisters  of  the  time  tended  to  believe  that  Britain's  short  fast- 
flowing  rivers  and  turbulent  surrounding  seas  gave  British  industry  a  competitive  advantage  as  far  as 
the  disposal  of  effluent  was  concerned,  an  advantage  which  could  be  negated  or  diminished  by  the 
imposition  of  uniform  emission  standards'  N  ote  on  draft  transcript,  12  December  2003. 
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policies  are  probably  needed  -  the  quality  objective  policy  and  the  emissions 
standards  policy  -  and  what  we  now  have  about  to  be  implemented  within  the 
EU  is  the  new  water  framework  directive^"^  which  is  going  to  go  down  both 
routes.  There  will  be  quality  standards  set  for  the  receiving  environment  but  also 
emissions  standards  set  for  the  major  discharges  of  these  key  pollutants. 

Smith;  Could  I  just  attempt  to  riseto  the  bait  from  Professor  Maynard?Hewas 
citing  pieces  of  evidence,  which  would  be  music  to  a  particular  group  of 
advocates:  the  clinical  ecologists.  They  believe  in  multiple  chemical  sensitivity, 
and  believe  that  there  are  a  number  of  human  syndromes  that  have  no 
counterpart,  certainly  in  terms  of  animal  toxicology,  and  above  all  that  there  are 
no  dose-response  curves  available.  I  wonder  if  he  was  mildly  beginning  to 
propose  multiple  chemical  sensitivity  as  being  an  acceptable  condition? 

Maynard:  No.  The  longer  answer  is  that  the  epidemiological  studies  are  sound, 
fascinating,  and  difficult  to  understand,  but  we  now  have  a  database  that  the 
Department  of  Health  pays  for,  of  more  than  150  epidemiological  studies 
looking  at  day-to-day  changes  in  levels  of  particles,  for  example.  Although  the 
statisticsarecomplex,  they  have  been  crawled  over  in  such  detail  by  industry  who 
were  dumbstruck  by  the  results,  but  I  believe  there  is  nothing  wrong  with  the 
statistics  and  our  statistical  advisers  agree.  I  think  the  relationship  isthereand  we 
are  struggling  with  the  mechanism. 

But  just  recently  something  has  turned  up,  which  I  don't  think  anybody  in  the 
air  pollution  field  would  have  expected,  and  that  is  data  from  monitoring 
people's  heart  rate.  These  are  records  from  people  who  have  been  wearing 
monitors  because  they  either  have  in-dwelling  pacemakers  or  are  being 
monitored  to  see  if  they  need  a  pacemaker.  Analyses  of  these  records  have  shown 
that  heart-rate  variability  tracks  with  the  small  changes  in  air  pollution.^""  That's 
not  just  whether  it's  60  a  minute  or  50  a  minute  or  70  a  minute,  it'sthe  beat-to- 
beat  variability,  so  that  your  heart  rate  at  the  moment  might  be  70  a  minute  and 
so  might  mine,  but  my  heart-rate  variability  might  be  more  than  yours,  thegaps 
might  be  more  variable  between  my  individual  beats,  despite  the  fact  that  we 


^°^0n  23  October  2000,  the'Directive2000/60/EC  of  the  European  Parliament  and  of  tlie  Council 
establishing  a  framework  for  the  Community  action  in  the  field  of  water  policy'  (or  the  EU 
Water  Framework  Directive)  was  finally  adopted.  Details  can  be  found  at 
www.europa.eu.int/comm/environment/water/water-framework/index_en.html  (site  accessed  12 
M  arch  2004). 

'"  M  agari  fit  a/.  (2002). 


66 


Environmental  Toxicology 

have  the  same  heart  pulse  rate.  The  funniest  thing  of  all  is  that  it's  the 
cardiovascular  effects  that  are  more  important  than  the  respiratory  effects. 

I  felt  exactly  as  you  do  about  ten  years  ago  when  this  stuff  started  to  come  out, 
that  nobody  would  believe  it  at  this  low  level.  It  has  been  fascinating  to  seethe 
way  in  which  committee  opinion  has  changed.  The  committee  that  I  look  after 
is  the  Committee  on  the  Medical  Effectsof  Air  Pollutants.  I  remember  the  early 
meetings,  Professor  Dayan,  I  think  you  were  there,  when  people  were  saying. 
These  levels  are  so  low  in  comparison  with  levels  that  we  regard  as  safe  in 
occupational  conditions,  so  how  could  there  possibly  be  an  effect  on  health? 
How  could  that  possibly  work?'  But  though  I  take  your  point,  I  am  anxiousthat 
we  don't  stray  across  the  line  into  difficulties  like  multiple-chemical  sensitivity 

Dayan:  At  least  in  terms  of  conditions  you  mentioned  you  are  dealing  with  well- 
defined  entities  that  can  besubjected  to  quite  vigorous  epidemiological  analysis, 
as  opposed  to  what  the  clinical  ecologists  are  usually  bombarding  us  with. 

Sir  Christopher  Booth:  I  speak  as  a  clinician  of  some  years  standing  and  my 
only  connection  with  the  toxicology  field  is  having  chaired  the  British  Medical 
Association's  Board  of  Science's  report  on  pesticides  someyearsago.^°^What  I  can 
recall  is  how  very  low  the  concentrations  were  that  people  were  trying  to 
persuade  us  to  be  concerned  about.  So  far  as  the  clinical  world  is  concerned,  I 
have  to  say  that  the  concept  of  clinical  ecology  does  not  have  tremendous 
support  among  working-class  clinicians,  if  I  might  put  it  that  way.  0  ne  of  the 
reasonsforthisisbecausetheindividualswhopractiseitarein  businessin  Harley 
Street  to  demonstrate  that  somebody  has  an  allergy  to  some  strange  thing  that 
they  say  they  have  an  allergy  to.  In  my  opinion,  most  of  what  they  do  is  baloney. 

Dayan:  Perhaps  we  had  better  leave  that  point  rather  hastily  Coming  back  to  both 
water  and  air  pollution,  one  of  the  very  many  interesting  things  that  has  been 
mentioned  is  that  one  has  become  accustomed  to  doing  various  sorts  of  laboratory 
tests  in  an  attempt  to  predict  potential  harm,  dose- response  relationships  and  soon. 
One  of  the  areas  that  has  attracted  a  lot  of  attention,  as  with  the  pesticides  we 
discussed  earlier,  is  carcinogenicity  The  notion  has  been  to  try  to  set  a  tolerable  limit 
on  a  carcinogen,  whatever  it  may  be,  to  which  we  are  perhaps  exposed  inescapably 
every  day  by  taking  some  sort  of  animal  data,  and  possibly  some  sort  of 
epidemiological  data,  and  extrapolating  it  a  long  long  way  down  to,  say  air  or  water 
pollution  le^/ds  It'sdoneand  perhaps  demonstrably  doneeffectivdy  but  it's  worrying 
in  other  ways.  Professor  C  arter,  you  have  had  long  experience  of  this  magic  art. 

'"'  British  JVl  edical  Association  (1990). 
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Carter:  Before  I  deal  with  your  question  I  would  like  to  make  a  few  more  general 
comments.  Rachel  Carson  taught  us  that  pre-existing  environmental  toxins, 
irrespective  of  their  nature  and  effects,  can  be  increased  by  casual  human  activity; 
and  above  all  that  many  new  toxins  can  be  easily  introduced,  impinging  on  sparsely 
populated  areas  of  intensive  agriculture  as  well  as  on  regions  of  urban  development. 
Toassumethattheoriginal  natural  environment  in  such  circumstances  was  pristine 
is  not  really  sustainable,  and  you  may  feel  that  the  term  'natural  environment'  is  in 
any  case  a  rather  loose  one.  I  am  using  it  here  because  it  does  provide  a  contrast  to 
the  occupational  environment  -  the  essentially  contrived  setting  in  which  a  small 
and  selected  workforce  may  encounter  toxins  under  unusual  conditions  with 
respect  to  amount,  route  and  duration  of  exposure.  When  Silent  Spring  was 
published  40  years  ago,  environmental  carcinogens  would,  I  think,  have  been 
sought  primarily  in  industrial  and  occupational  settings.^"^  Today  the  field  is  wider 
and  morediffuse,  and  I  see  theissue  more  as  carcinogenic  hazards  and  risks  among 
broadly-based  populations,  living  in  natural  environments,  which  are  being 
changed  (usually  irreversibly)  as  a  consequence  of  economic  development. 

I  would  like  to  make  four  points.  First,  to  remind  you  that  underdeveloped 
natural  environments  are  not  carcinogen-free.  Consider  aflatoxin  Bl  in  stored 
cereals  contaminated  by  Aspergiius  fiavus,  or  arsenic  salts  occurring  in  certain 
waters  from  natural  sources.^"'  Oesophageal  cancer  in  Iran  (a  high-incidence 
area)  is  probably  dueto  a  dietary  carcinogen,  but  three  features  are  worth  noting 
about  this  condition.^"*  It  is  concentrated  in  the  southern  part  of  the  Caspian 
Littoral;  it  is  ancient  with  plausible  descriptions  dating  back  several  hundred 
years;  and  it  occurs  mainly  among  people  who  have  retained  their  traditional 
lifestyle.  Secondly  the  sorts  of  carcinogens  that  may  impinge  on  people  living  in 
developing  natural  environments  will  obviously  vary  Some  familiar  carcinogens 
may  persist,  some  may  recur,  and  new  carcinogens,  possibly  whole  new  classes, 
may  be  described  in  the  future.  But  the  context  in  which  they  will  probably 
operate  is  important.  Thus,  exposure  is  likely  to  be  more  often  to  mixtures  than 


^°'  Dr  Dennis  Simms  wrote:  The  first  modern  writer  to  provide  detailed  accounts  on  the  effects  of 
pollutants  on  the  workman  was  Bernadino  Ramazzini  (1633-1714)  in  1700.  An  English  edition 
appeared  in  1705  titled  T  he  Disa^  of  Workmen.'  Letter  to  Dr  Daphne  Christie,  30  N  ovember  2003. 
See  Ramazzini  (1700, 1705). 

^"  See  International  Agency  for  Research  on  Cancer  (1980, 1993). 

^™SeeM  ahboubi  eta/.  (1973).  Professor  Richard  Carter  wrote:  Theseobservationsareof  great  interest 
and  it  is  hoped  that,  given  greater  political  stability  in  the  region,  the  work  can  be  developed  further.' 
N  ote  on  draft  transcript,  1  D  ecember  2003. 
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to  pure  carcinogens  and  it  will  tend  to  involve  low  doses  over  long  periods, 
perhaps  most  or  all  of  a  lifetime.  Environmental  and  lifestyle  carcinogens, 
notably  tobacco,  may  interact.  The  target  population  will  bediversein  almost  all 
respects,  unlil<e  a  workforce.  That  is,  both  sexes,  all  ages  (perhaps  with  an  age- 
related  susceptibility)  and  different  occupations,  lifestyle  and  mobility 

Thirdly  there  seems  to  be  something  of  a  change  over  the  last  40  years  in  the 
way  that  carcinogenic  risl<s  from  the  environment  (actual  or  putative)  are 
perceived  and  formulated.  There  is  rather  less  emphasis  on  a  specific  carcinogen 
and  its  congeners,  and  greater  emphasis  on  what  you  might  call  more  general 
carcinogenic  risl<s  which  are  often  difficult  to  evaluate.  For  instance,  the  effects 
of  ambient  air  pollution  from  fixed  sources  and  from  vehicle  exhausts,  which 
Bob  [M  aynard]  was  talking  about,  or  dietary  factors. 

Lastly  some  putative  carcinogens  may  be  close  to  or  beyond  the  limits  of 
currently  available  methods  of  investigation,  that  is  in  terms  of  conventional 
epidemiology  or  conventional  toxicology  Additional  approaches  are  needed. 
Since  Silmt  Spring  there  have,  of  course,  been  major  advances  in  our 
understanding  of  carcinogenesis.  Consider  the  distinctions  we  were  talking 
about  earlier  between  genotoxic  and  nongenotoxic  mechanisms,  the  increasing 
range  of  molecular  investigations  (linking  with  aetiology)  that  can  be  done 
directly  with  human  tissues,  and  the  emergence  of  molecular  epidemiology  in 
areas  such  asbiomarkers.™  Even  more  sensitive  analytical  methods  for  detecting 
minute  amounts  of  toxic  chemicals  are  increasingly  available,  although  they  raise 
important  problems  in  evaluation  that  are  more  appropriately  discussed  by  Peter 
Farmer.  Encouraging  though  these  various  developments  may  be,  it  would  be 
deplorable  if  Rachel  C  arson's  work  was  regarded  as  obsolete  and  be  forgotten. 

Dayan:  Would  you  care  to  add  anything  specifically  about  carcinogenicity  and 
testing  for  it,  or  perhaps  you  have  said  it  all? 

Carter:  Testing  for  putative  carcinogens  has  improved  to  the  extent  that  we  can 
now  separate  them  into  two  operational  groups.  For  genotoxic  carcinogens  we 
have  acceptable  short-term  testing  procedures  and  prediction  in  terms  of  chemical 
structure  for  the  parent  compound  or  for  its  metabolites.^"  This  information 
should  reduce  the  need  for  long-term  carcinogenicity  testing  when  dealing  with 
such  compounds.  Nongenotoxic  carcinogens  present  major  problems  because 
there  are  no  standard  short-term  predictive  tests  and  no  guides  are  provided  by 

'""Miller eta/.  (2001). 
""McGregor eta/.  (1999). 
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the  chemical  structure  of  the  suspected  compounds.  Their  underlying 
mechanisms  of  action  are  diverse  and  for  the  most  part  poorly  understood.  You 
also  have  the  problem  of  marl<ed  species  variation  in  response  to  nongenotoxic 
carcinogens  Several  compounds  are  l<nown  to  induce  tumours  in  one  sex  or  one 
strain  of  one  species  and  are  of  no  relevance  to  humans  The  urgent  need  is  to 
clarify  the  basic  mechanisms  of  nongenotoxic  carcinogens  especially  as  I  said 
earlier,  because  many  human  carcinogensarelil<ely  tofall  into  this  category 

Maynard:  Richard,  could  we  turn  to  another  point,  perhaps?  You  and  I  have  often 
discussed  the  difficulties  of  quantitative  risk  assessment  for  carcinogens  and  many 
countries  use  a  system  whereby  they  predict  the  impact  of  exposure  to  a  carcinogen 
at  an  environmental  level  of  exposure,  and  they  do  that  by  extrapolating  either 
from  data  obtained  in  animal  experimentation  (and  that  perhaps  is  the  least 
satisfactory)  or  sometimes  from  data  obtained  in  occupational  epidemiological 
studies.  So  we  have  a  series  of  problems;  we  have  the  problem  of  species 
extrapolation  and  we  have  the  problem  of  extrapolation  from  high  doses  where 
effects  are  comparatively  obvious  to  low  doses  where  effects  certainly  are  not 
obvious  at  all  and  how  to  make  that  extrapolation  using  some  sort  of  model.  You 
and  I  have  agreed  over  the  years  that  current  practice  is  not  likely  to  produce  a 
reliable  answer  or  perhaps  more  importantly  an  answer  that  can  be  tested  against 
thefacts  I  wonder  whether  you  think  thefidd  isimproving,  or  not,  or  whether  we 
are  stymied.  I  guess  you  may  think  it  hasn't  improved  a  great  deal  since  you  and  I 
last  spoke  about  it,  but  if  we  are  stymied,  what  research  do  we  need  to  help  us  go 
forward  with  that?  Is  it  in  the  biomarker  area?  Is  that  what  we  should  be  attacking? 

Carter:  As  Bob  has  said,  we  have  the  problems  of  extrapolating  data  first  within 
one  species  from  high-dose  levdsto  low-doselevds,  the  shapeof  the  curve  towards 
thelowerend  bdnglittleknown  or  indeed  not  known  atall;andthenacrosspecies 
from  test  animals  to  humans  Secondly  there  are  difficulties  in  choosing  the  most 
appropriate  biomathematical  moddson  which  to  base  quantitative  risk  assessment 
for  a  human  population.  Even  if  you  use  only  human-based  data,  for  example  the 
incidence  of  leukaemias  (particularly  acute  mydoid)  in  workers  exposed  to 
benzene,^"  different  modds  will  yidd  different  answers  in  terms  of  putative  risk. 
Recent  modds  have  howe/er,  more  biological  and,  in  particular,  toxicokind:ic 
plausibility  and  may  provide  results  with  greater  predictive  value  which  are 
applicable  in  environmental  aswdl  as  industrial  and  occupational  contexts 


Professor  Richard  Carter  wrote:  The  literature  on  the  leul<aemogenic  effects  of  benzene  in  humans 
islarge  butauseful  summary  may  be  found  in  Department  of  the  Environment  (1994).'  Note  on  draft 
transcript,  1  December  2003. 
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Farmer:  I  agree  with  absolutely  everything  that  Professor  Carter  hasjust  said  and 
this  problem  of  high-  to  low-dose  extrapolation,  especially  between  animals  and 
man,  still  does  exist.  Another  problem  isthatthehigh-dose  exposures  arenormally 
associated  with  occupational  exposure,  which  is  often  to  a  single  or  a  very  small 
number  of  chemicals,  and  the  low-doseexposuresare  normally  associated  with  very 
mixed  exposures,  such  as  in  environmental  pollution.  For  example,  for  benzene, 
occupational  exposure  involves  benzene  as  a  major  component,  but  environmental 
pollution  with  benzene  is  associated  with  very  complex  mixtures  and  particles  and 
so  on.  I  think  the  way  to  look  forward  is  probably  as  has  been  indicated,  with 
biomarkers.  The  people  working  in  genotoxic  carcinogenesis  are  getting  much 
better  now  at  identifying  molecular  interactions  of  these  compounds  with  D  N  A, 
which  leadstothepossibility  of  predicting  specific  mutational  effects,  which  again 
leads  to  the  possibility  of  predicting  some  type  of  carcinogenic  risk  from  it.  The 
sensitivity  of  these  methods  is  such  that  they  can  cope  with  this  large  dose  range 
between  the  occupational  and  the  environmental  exposure."^  So  we  are  not  there 
yet,  but  I  think  we  are  on  the  way  to  establishing  some  sort  of  dose- response 
relationship  over  these  different  types  of  exposure. 

Lovelock:  0  n  the  matter  of  setting  safe  la/dsfor  carcinogens,  it  comes  to  my  mind 
that  natural  carcinogens  such  asultraviolet  radiation  have  benefits  as  well  as  demerits, 
and  setting  a  level  is  going  to  be  quite  a  tricky  problem.  Perhaps  the  most  extreme 
example  is  oxygen  itself,  which  one  could  argue  quite  strongly  is  the  ultimate 
carcinogen.  One  obviously  cannot  ban  it.  [From  the  floor:  We  could  tax  it.] 

Smith:  I  think  that  one  of  the  problems  that  we  face  here  is  that  our  present-day 
testing  methods  give  you  estimates  of  hazard,  but  not  of  risk.  I  think  the  U  K 
public  ought  to  be  reassured  that  our  testing  methods  for  carcinogens  and 
probably  reproductive  toxins  have  been  pretty  good  for  the  past  30  or  40  years. 
I  can  think  of  very  few  exampleswherea  major  carcinogen,  a  human  carcinogen, 
or  reproductive  toxin,  has  got  into  the  human  exposurechain.  The  problem  for 
me  is  a  number  of  regulatory  organizations  now  seem  to  respond  to  the  hazard. 
For  example,  and  I  can  give  you  a  current  one,  the  German  government  havejust 
banned  the  use  of  methyl  eugenol,  which  is  the  main  component  of  basil  (for 
those  who  likepesto).  They  banned  it  on  the  basis  of  an  NTP  study  where  the 
lowest-dose  level  was  about  10  000  times  that  of  human  exposure.  Another 
example  of  the  undue  haste  of  regulatory  bodies  to  respond  to  hazard  estimates 


See  H  emminki  et  a/.  (1994);  Toniolo  et  a/.  (1997). 
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is  California  Proposition  65;  th^  are  about  to  ban  theuseof  coumarin.^^^This 
is  our  problem  now,  the  crazy  move  from  hazard  estimate  to  the  precautionary 
principleof  banning  these  materials,  and  I  think  many  innocent  compounds  are 
being  damaged  through  this  process.  Chairman. 

Dayan:  It  would  be  quite  interesting,  but  we  haven't  the  time  now  to  go  round 
to  each  of  you  and  ask  you  to  define  what  you  mean  by  the  precautionary 
principle.  It's  a  somewhat  elastic  entity  these  days,  isn't  it,  or  an  elastic  notion? 
Professor  Lovelock,  do  you  wish  to  say  something  in  general  at  this  stage,  in 
relation  particularly  to  the  precautionary  principle? 

Lovelock:  Thanks  to  Rachel  Carson  we  are  aware  of  the  harm  we  can  do  to  the 
natural  environment,  but  in  spite  of  her  warnings,  things  have  got  a  lot  worse  for 
wildlife.  There  is  almost  a  Silent  Spring,  but  it's  not  simply  due  to  pesticide 
poisoning,  but  rather  to  the  widespread  loss  of  habitats  as  population  and  energy 
consumption  has  increased.  According  to  E  0  Wilson,  who  is  a  most  eminent 
biologist,  it  would  take  five  earths  to  provide  food  and  resources  needed  to  sustain 
the  present  world  population  at  US  standards  of  living.^"  I  don't  know  how  much 
that  exaggerates  the  position.  I  do  know  that  it  has  been  estimated  that  even  now 
we  are  using  more  than  60  per  cent  of  the  photosynthetic  capacity  entirely  for  our 
own  needs.  Doesit  matter?  Why  couldn't  we  farm  the  entire  land  surface  and  take 
fromtheocean  its  maximum  sustainable  output.  I  think  we  can't  do  it,  because  we 
need  the  earth's  natural  habitats  to  sustain  the  favourable  climate  and  chemistry 
that  we  now  enjoy  There  is  little  reason  to  believe  that  the  monocultures  of 
farmland  would  fill  this  role  as  well  as  do  the  evolved  natural  habitats. 

In  spite  of  the  splendid  science  of  the  Intergovernmental  Panel  on  Climate 
Change  (IPCC)^"  and  other  scientific  groupings,  we  still  know  far  too  little 


^"  Proposition  65,  passed  into  law  in  1986,  was  created  to  improve  public  health  through  the  reduction 
of  the  incidence  of  cancer  and  adverse  reproductive  outcomes  that  might  result  from  exposure  to 
potentially  hazardous  chemicals,  byrestrictingdischargesof  listed  chemicals  into  known  drinking  water 
sources.  A  clear  and  reasonable  warning  must  be  given  under  the  Act  prior  to  a  known  and  intentional 
exposure  to  a  listed  substance. 

'"Wilson  (2002).  See  also  Lovelock  (1971). 

"^  The  Intergovernmental  Panel  on  Climate  Change  (I  PC  C)  was  created  bytheWM  0  and  UN  EP  in 
1988,  as  the  scientific  research  arm  of  international  efforts  to  control  climate  change  The  Panel 
includes  dimatologists,  scientists  and  government  officialsfrom  more  than  100  nations,  and  isdivided 
into  three  working  groups:  one  to  review  and  assess  the  causes  of  climate  change;  a  second  to  assess  the 
possible  environmental  and  socioeconomic  impacts  of  climate  change;  and  a  third  to  identify  potential 
response  strategies.  See  Watson  (2001). 
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about  the  earth  system  to  be  able  to  make  useful  predictions.  We  are  just  now 
passing  through  one  of  the  brief  interglacial  periods  of  warmth  in  the  earth's 
history,  between  the  long  periods  of  the  ice  ages.  From  the  systems  viewpoint,  an 
interglacial  is  like  a  fever  in  a  mammal;  it's  a  state  dominated  by  positive 
feedback,  so  that  the  effects  of  greenhouse  gases  and  habitat  removal  are 
amplified  not  resisted,  and  this  is  reflected  in  the  wide  range  of  predicted 
consequences  of  global  warming  as  the  century  proceeds:  6°C  at  the  worst,  and 
2°C  for  the  more  optimistic  forecast.^^^  I  would  add  that  even  a  two-degree  rise 
has  serious  consequences. 

So  what  should  we  do?There  are  three  alternatives  I  have  heard  of,  andtheremay 
well  be  more.  The  first  oneis/a/ssez  faire:  just  continueto  enjoy  the  twenty-first 
century  while  it  lasts,  and  I  suspect  this  is  what  will  happen.  Secondly,  the  high- 
tech  road:  take  environmental  problems  seriously  and  replace  fossil  fuel  energy 
as  soon  as  possible  with  renewable  energy,  and  I  would  suggest  with  nuclear 
energy;  encourage  the  chemical  and  biochemical  industries  to  supply  our  food 
needs  by  synthesis  from  inorganic  raw  materials;  and  then,  finally,  go  vegetarian, 
because  this  would  greatly  increase  the  yield  of  available  food  from  farmland. 
Entirely  visionary.  Thethird  isthedeep  green  way:  eat  nothing  but  organic  food; 
use  nothing  but  renewable  energy  and  raw  materials;  and  use  alternative  rather 
than  scientific  medicine.  This  would  probably  succeed  in  a  massive  reduction  in 
the  world  population.  All  three  approaches  coexist  in  the  first  world,  and  the 
present  state  of  environmental  awareness  worldwide  reminds  me  very  much  of 
the  UK  in  the  1930s.  We  suspected  then  that  there  would  be  another  world  war, 
but  we  were  very  confused  about  what  to  do  about  it.  As  i  n  those  ti  mes,  I  suspect 
little  will  be  done  unless  and  until  there  is  a  global  mishap,  for  example  a  sudden 
rise  of  sea  level  sufficient  to  threaten  major  cities. 

Dayan:  I  hadn't  meant  that  to  be  quite  a  closing  statement,  but  it  is  a  set  of  very 
profound  thoughts.  Shall  westop  with  those  ideas  in  our  minds?Thank  you  very 
much  everybody  for  contributing  so  very  helpfully  and  freely. 

Dr  Daphne  Christie:  I  would  like  to  thank  you  all  for  participating  in  this 
afternoon's  seminar.  It  has  been  very  interesting  to  listen  to  your  recollections 
and  to  hear  your  debates.  M  ay  I  add  my  particular  thanks  to  Professor  D  ayan  for 
the  excellent  chairing  of  this  meeting  and  I  hope  you  will  join  me  in  thanking 
him.  Thank  you  very  much. 


'"See Watson  (2001). 
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1 ,1  -bis(4-chlorophenyl)-2,2,2- 
trichloroethane  (DDT) 

A  persistent  fat-soluble  insecticide 
that  has  been  used  against  a  wide 
variety  of  insects.  Its  use  was  banned 
in  the  USA  in  1972,  and  in  the  UK 
in  1986. 

Acrolein 

A  pungent  colourless  unsaturated 
liquid  aldehyde  used  in  the 
manufacture  of  resins  and 
pharmaceuticals. 

Aflatoxin 

Any  of  a  group  of  chemically- related 
fungal  metabolites  produced  by 
some  strains  of /A ^erg;7/us  f/a\/us 
and  A.  paraaticus,  commonly  found 
in  nuts  and  grains.  It  has  been 
implicated  in  the  causation  of 
liver-cell  carcinomas. 

Aldrin 

A  po I ycyclic  chlorinated 
hydrocarbon  used  as  an  insecticide, 
but  toxic  to  mammals.  The  UK 
Environmental  Protection  Agency 
banned  its  use  in  1987. 

Bordeaux  mixture 

A  common  agricultural  and 
horticultural  fungicide  consisting 
of  a  solution  of  equal  quantities 
of  copper  sulphate  and  calcium 
hydroxide.  It  is  used  in  the  control 


of  Phytophthora  infeians  (late 
potato  blight). 

Carcinogen 

A  cancer- causing  substance  or 
action. 

Chlorofluorocarbon  (CFC) 
Any  of  various  gaseous  compounds 
of  carbon,  hydrogen,  chlorine, 
bromine  and  fluorine  used  as 
refrigerants,  aerosol  propellants, 
solvents  and  in  foam,  which  are 
implicated  in  the  greenhouse  effect. 

Coumarin 

A  white  vanilla-scented  crystalline 
ester,  used  in  perfumes  and 
flavourings  and  as  an  anticoagulant. 

Cyanobacteria 

A  group  of  photosynthetic  bacteria 
formerly  l<nown  as  cyanophytes  or 
blue-green  algae. 

DDT 

See  l,l-bis(4-chlorophenyl)-2,2,2- 

trichloroethane. 

Dieldrin 

A  long-lasting  chlorinated 
hydrocarbon,  used  to  control 
mosquitoes,  ticks,  sand  flies  and 
other  agricultural  and  forest  pests. 
The  Environmental  Protection 
Agency  banned  its  use  in  1987. 
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Dioxin 

A  toxic  chlorinated  hydrocarbon 
often  present  as  a  contaminant  in 
the  preparation  of  2,4,5-T,  a  widely 
used  herbicide. 

Emetine 

M  ethylcephaeline,  an  all<aloid  that 
has  been  used  to  treat 
schistosomiasis. 

Genistein 

A  naturally  occurring  substance  in 
soya  beans  and  other  plants  with 
oestrogen- 1  il<e  actions. 

Greenhouse  effect 

A  process  by  which  levels  of  some 
gases  in  the  planet's  atmosphere 
results  in  a  higher  temperature  than 
the  planet  would  have  otherwise. 

Hypospadias 

A  developmental  defect  of  the 
urethra  in  which  the  urethral  folds 
fail  to  unite  to  complete  the  ventral 
wall  of  the  urethra. 

Ipecacuanha 

I  pecac,  a  substance  used  as  an 
emetic  drug. 

Malathion 

The  first  commercial 
organophosphate  pesticide  to 
come  on  to  the  marl<et  in  1950. 

Oestriol 

A  metabolic  product  of  oestradiol 


and  oestrone found  in  mammalian 
urine,  especially  during  pregnancy. 

Organophosphates 

N  eurotoxins  that  can  attacl<  the 
nervous  system  used  as  pesticides 
for  home  and  agricultural  use. 
See  malathion. 

Paraquat 

An  extremely  poisonous 
solublesolid  used  in  solution  as 
a  weedkiller. 

Pesticide 

An  agent  used  to  control  pests  and 
diseases,  including  insecticides, 
herbicides  and  fungicides. 

Pyrethrin 

Any  of  the  esters  of  chrysanthemum 
dicarboxylicacid  found  in  the  dried 
flower  heads  of  pyrethrum  and 
which  account  for  the  insecticidal 
properties  of  pyrethrum.  Widely 
adopted  as  an  environmental 
friendly  insecticide  from  the  1970s, 
although  less  effective  than  the 
organophosphates. 

Teratogen 

An  agent  or  factor  capable  of  causing 
developmental  abnormality  in  an 
embryo  or  fetus,  including  radiation 
or  viral  infection,  or  a  chemical 
or  drug. 
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Tetraethyl  lead 

A  toxic  oily,  colourless  liquid,  added 
to  gasoline  as  an  antil<nocking 
agent.  It  is  readily  absorbed  from 
car  exhaust  fumes  through  the  skin 
and  respiratory  tract  of  mammals. 

Toxicokinetics 

T  he  study  of  the  rate  of  change  of 
the  concentration  of  harmful 
substances  and  any  metabolites  in 
an  organism. 

Trialkyltins 

Simple  chemicals,  for  example, 
tributyltin  (TBT),  containing  tin 
bound  to  various  alkyl  groups 
containing  carbon  and  hydrogen, 
which  produce  powerful  fungicides, 
biocidesand  bactericides.  Formerly 
used  as  antifouling  agents  (see 
page  31). 

Venturi  mask 

A  mask  for  oxygen  inhalation  that 
enables  three  different 
concentrations  of  inhaled  oxygen, 
24,  28  or  35  per  cent,  at  different 
flow  rates.  Oxygen  flows  down  a 
narrow  tube  and  leaves  the  tube  at 
reduced  pressure.  Air  around  the 
oxygen  stream  is  sucked  into  it 
thereby  reducing  the  oxygen 
concentration.  See  Campbell  (1965). 

Xenotransplantation 

An  operation  in  which  an  organ  or 
tissue  is  transferred  from  one  animal 
to  another  of  a  different  species. 
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attitudes  to  use  in  research,  26 

carcinogenicity  testing,  70,  71 

toxicity  testing,  10 

see  a/so  cattle 
apples,  36 

see  a/so  Alar 
Arctic,  39 
arsenic  salts,  68 
arsine,  M  arket  D  rayton  accident 

(1975),  36 
asbestos,  38,  41 
Aspergllus  flaws,  68 
asthma,  53 
Athens,  56,  59,  60 
atrazine,  35 
Auschwitz,  4 
Australia,  6, 16 
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